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A b s t r a c t  o f  t h e  T h e s i s
A t te m p te d  s y n t h e s e s  o f  t h e  s t e r f c o i s o m e r i c  2 , 3 - d i c a r b o x y -  
1 , 4 - d i o x a n s  have  b e e n  made, u s i n g  m eth o ds  a d a p t e d  f ro m  th e  
p r e p a r a t i o n  o f  e t h e r s ,  and a l s o  by s u b s t i t u t i o n  o f  t h e  c h l o r i n e  
a toms i n  t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n . The f o r m e r  method 
i n v o l v e d  t h e  W i l l i a m s o n  ty p e  o f  e t h e r  s y n t h e s i s ,  and a l s o  t h e  
u se  o f  s i l v e r  o x id e  ( P u r d i e r s m e th o d ) .  T h is  method was a l s o  
a p p l i e d  i n  t h e  a t t e m p t e d  p r e p a r a t i o n  o f  2 , 3 - d i p h e n y l - l , 4 - d i o x a n ,  
t h e  b i s -  and t r a n s -  i s o m e r s  o f  which  a r e  known.
Prom th e  complex m i x t u r e  o f  p r o d u c t s  f rom  t h e  c h l o r i n a t i o n s  
o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  h a v e  b e en  i s o l a t e d  b o t h  
d i ( 2 - c h l o r o e t h y l )  o x a l a t e  and e t h y l e n e  o x a l a t e .  T h is  i s  r e a d i l y  
a c c o u n te d  f o r  by t h e  a s s u m p t i o n  t h a t  t h e  c h l o r i n a t i o n  l e a d s  to  
t r a n s . - 2 , 3 - d i c h l o r o - 2 , 3 - e t h y l e n e d i o x y - 1 , 4 - d i o x a n ,  w h ich  t h e n  
u n d e r g o e s  a r e a r r a n g e m e n t  r e a c t i o n  a n a l o g o u s  t o  t h a t  a l r e a d y  
o b s e r v e d  w i t h  ^ - c h l o r o - e t h e r s * A t h i r d  e x p e c t e d  r e a r r a n g e m e n t  
p r o d u c t ,  1 , 2 - d i c h l o r o e t h a n e  was n o t  i s o l a t e d . I t  h a s  b e en  shown 
t h a t . t h e  r e a r r a n g e m e n t ,  i n  th e  p r e s e n t  i n s t a n c e ,  i s  a t h e r m a l  
o n e ,  and i t  i s  u n l i k e l y  t h a t  t h e  i n t e r m e d i a t e , -  t r a n s - 2 , 3 -  
d i c h l o r o - 2 , 3 - e t h y l e n e d i o x y - 1 , 4 - d i o x a n ,  w i l l  be c a p a b l e  o f  
i s o l a t i o n .  B r o m in a t io n  o f  t h e  e t h y l e n e d i o x y - d i o x a n ,  by means 
o f 'N - b r o m o s u c c i n i m i d e , a f f o r d e d  d i ( 2-  h r o m o e t h y l )  o x a l a t e  o n l y .  
The o x a l a t e s  were compared d i r e c t l y  ( m . p . ,  mixed m .p . , -  i n f r a - r e d  
a b s o r p t i o n  s p e c t r a )  w i t h  a u t h e n t i c  e s t e r s  p r e p a r e d  f o r  t h e  
p u r p o s e  by  a l t e r n a t i v e  p r o c e d u r e s .
The s t r u c t u r e  o f  a p r o d u c t ,  h i t h e r t o  u n i n v e s t i g a t e d ,  f ro m  
t h e  i n t e r a c t i o n  o f  t r o n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  and d i e t h y l  
( * ) - t a r t r a t e , h a s  b e e n  l i m i t e d  t o  t h r e e  p o s s i b i l i t i e s .
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INTRODUCTION
2 , 3 - r ) i c a r b o x y ~ l , 4 - d i o x a n . !
One o b j e c t  o f  t h e  p r e s e n t  work was t h e  p r e p a r a t i o n  i n  
q u a n t i t y  o f  t h e  s i n g l e  c i s -  fo rm  and two t r a n s ^ fo rm s  o f  
2 ?3~d i  c a r b o x y - 1 , 4 - d i o x a n  ( I ) ,
a
/  >  . C0oHCi ■ \
x .C02H ( I )
O''
w h ic h ,  a t  t h e  commencement, had n o t  b e e n  r e p o r t e d  i n  t h e  
l i t e r a t u r e .  Compounds w i t h  t h e  s t r u c t u r e  ( I )  would  be i n t e r e s t i n g  
f rom  t h r e e  p o i n t s  o f  v iew :  ( i )  p r i o r  to  1957 t h e  2 , 5 -  and 2 , 6 -  
i s o m e r s  were  known (Summerbe11 and S t e p h e n s ,  J .  Am er .  Chem. So c . , 
1954,  7_6, 731, 640; i b i d . ,  1955 ,  77_, 6 0 8 0 ) ,  t o g e t h e r  w i t h  a 
co m p re h en s iv e  knowledge o f  t h e i r  c h e m i s t r y  and s t e r e o c h e m i s t r y ;  
( i i )  t h e  c h e m i s t r y  and s t e r e o c h e m i s t r y  o f  ( I )  c o u ld  be compared 
w i t h  t h a t  o f  t h e  c y c l o h e x a n e - 1 , 2- d i c a r b o x y l i c  a c i d s ,  and 
e s p e c i a l l y  t h a t  o f  t h e  d i e t h e r s  o f  t h e  t a r t a r i c  a c i d s ;  ( i i i )  t h e  
c h e l a t i n g  p r o p e r t i e s  o f  ( I )  tov /a rds  m e t a l l i c  i o n s  c o u ld  be 
compared w i t h  t h e  c o r r e s p o n d i n g  p r o p e r t i e s  o f  t h e  t h i o x a n  and 
d i t h i a n  a n a l o g u e s .  .
None o f  t h e  a t t e m p t e d  m ethods  f o r  t h e  p r e p a r a t i o n  o f  ( I )  
have  b e en  s u c c e s s f u l ,  and to w a rd s  th e  end o f  t h e  i n v e s t i g a t i o n ,  
t h e  s y n t h e s i s  o f  ( I )  was r e p o r t e d  (Sum m erbel l  and L e s t i n a ,  i b i d . ,
*12-
1957,  7£ ,  3 8 78 )•  The method u se d  i s  one t h a t  was n o t  t r i e d  i n  
t h e  p r e s e n t  s e r i e s ;  f rom  aqueous  e t h y l e n e  g l y c o l ,  c o n t a i n i n g  
m e r c u r i c  n i t r a t e ,  t r e a t e d  w i t h  b u t a d i e n e  was o b t a i n e d  2 , 3 - d i (  
n i t r a t o m e r c u r i m e t h y l ) - ! , 4 - d i o x a n ,  f rom  which  on s u b s e q u e n t  
t r e a t m e n t  w i t h  p o t a s s i u m  i o d i d e  and t h e n  i o d i n e ,  2 , 3 ~ d i (  
i o d o m e th y l  ) ~ 1 , 4 - d i o x a n  was i s o l a t e d .  They r e p r e s e n t e d  t h e  
r e a c t i o n  t h u s :
H
0
CHo 
jj ^
i nii
GH
fe p
9?2 
; 0 H 1,+V-HgX
CH2 GH'
4  HgXg s e v e r a l   ^ I ‘
s t e p s  •* CH^ i
" O '  vCH2HgX
is
o
/  \ c 02H /  \  CH0.1
N ) "
4  CO pH
/ c o n e .
' h n o 3
N r " "
CHp I
iCHgHgX 
CHgHgX
c i s -  and t r a n s - c i s -  and t r a n s -  
( i n t e r  c o n v e r t i b l e )
E i t h e r  c i s -  o r  ' t r a n s - 2 , 5 - d i ( i o d o m e t h y l ) - l , 4 - d i o x a n  i s  
r e a d i l y  c o n v e r t e d ,  by t r e a t m e n t  w i t h  c o n c e n t r a t e d  n i t r i c  a c i d ,  
i n t o  Q is -  t r a n s - 2 , 3 - d i c a r b o x y - 1 , 4 - d i o x a n ,  ( th e  c i s -  fo rm  v i a
t h e  a n h y d r i d e ) .  The d i m e t h y l  e s t e r s  were  p r e p a r e d  f ro m  th e  
a c i d s  u s i n g  d i a z o m e t h a n e , to  g iv e  c i s -  e s t e r ,  m .p .  6 3 - 6 3 . 5 ° ,  
and t r a n s -  e s t e r ,  m .p .  5 9 ° .  Thus i t  would be q u i t e  f e a s i b l e  to  
s u g g e s t  t h a t  t h e  d i e t h y l  e s t e r s  would a l s o  be s o l i d s »
Of t h e  two f o r m s ,  c i s -  and t r a n s -  o f  t h e  compound ( I )  
o b t a i n e d  i n  t h i s  m an n e r ,  t h e  l a t t e r  was p a r t l y  i*esolved  v i a  
t h e  b r u c i n e  s a l t .
2 . 3 - D i c h l o r o - l , 4 - d i o x a n  and, i t s  r e a c t i o n s >
There  a r e  tiro fo rm s  o f  t h i s  compound, c i j s -  and t r a n s - , 
which  a r e  th e  o b v i o u s  b a s i c  compounds f o r  t h e  s y n t h e s e s  o f
2 . 3 - d i s u b s t i t u t e d - l , 4 - d i o x a n s .  Both  fo rm s  a r e  known and th e  
r e a c t i o n s  so f a r  r e p o r t e d  a r e  b o t h  numerous and complex .
T here  a r e  many r e f e r e n c e s  to  t h e  f a c t  t h a t  1 , 4 - d i o x a n  
u n d e r g o e s  s u b s t i t u t i o n  w i t h  c h l o r i n e  a t  v a r i o u s  t e m p e r a t u r e s ,  
w i t h  and w i t h o u t  c a t a l y s t s  to  g i v e  m i x t u r e s  o f  p o l y o h l o r o -  
compounds (Summorbell  and U m h o effe r ,  i b i d . ,  1947,  _69, 1352; 
h u e e r a  and C a r p e n t e r ,  i b i d . , 1935 ,  57,  2346;  e t c . ) .
The f i r s t  r e a l  i n v e s t i g a t i o n  a s  t o  t h e  t r u e  n a t u r e  o f  t h e  
p r o d u c t s  o f  su c h  r e a c t i o n s  was by B d e s e k e n ,  T e l l e g e n  and 
H e n r iq u e z  (Red.  t r a v .  c h i m . , 1931 ,  50,  9 0 9 ) .  At 9 0 ° ,  even  w i t h  
t h e  c h l o r i n e  i n  g r e a t  e x c e s s ,  t h e  f i r s t  m a jo r  p r o d u c t  i s  a 
d i c h l o r o - 1 , 4 - d i o x a n  and a t  no t im e  was m o n o c h l o r o - 1 , 4 - d i o x a n  
i s o l a t e d .  The s t r u c t u r e  o f  t h i s  . d l c h l o r o - c o m p o u n d , m .p .  3 0 ° ,  
was p ro v e d  by d e g r a d a t i o n  t o  be  2 , 3 - d i c h l o r o - l , 4 - d i o x a n ,  s i n c e  
on h y d r o l y s i s  by h o t  w a t e r ,  i t  y i e l d  b o t h  e t h y l e n e  g l y c o l  and 
g l y o x a l  ( B u t l e r  and C r e t c h e r ,  J .  Amer. Chem. S o c . ,  1932,  54, 
2987)*
U m hoeffe r  (1946)  and L a p p in  (1948)  i s o l a t e d  a c h i o r b -  
compdund; m;p;  5 3 ° ;  f rom  t h e  p h o t o c h l o r i n a t i o n  o f  1 , 4 - d i o x a n
i n  c a r b o n  t e t r a c h l o r i d e ,  which  a n a l y s e d  f o r  C ^ g O g C lg ,  and . i t s  
f o r m u la  liras t e n t a t i v e l y  d e n o te d  a s  2 , 2 - d i c h l o r o - l , 4 - d i o x a n *  
Sum m erbel l  and -L unk  ( I b i d . ,  1957 ,  £ 9 ,  4802)  p r e p a r e d  and p roved  
t h e  s t r u c t u r e  o f  2 , 2- d i c h l o r o - l , 4 - d i o x a n ,  and t h i s  was d i s s i m i l a  
i n  p r o p e r t i e s  t o  t h e  compound, m .p .  5 3 ° .  T h i s  p r o d u c t ,  m .p .
5 3 ° ,  was f o u n d ,  on h y d r o l y s i s ,  t o  g i v e  one mole o f  g l y o x a l  
( i s o l a t e d  a s  a d e r i v a t i v e )  and so i t s  s t r u c t u r e  i s  l i m i t e d  t o
2 , 3 - d i c h l o r o - l , 4 - d i o x a n ,  b u t  i t  was fou nd  to  have  an  i n f r a - r e d  
a b s o r p t i o n  s p e c t r u m  d i f f e r e n t  f ro m  t h a t  o f  2 , 3 - d i c h l o r o - l , 4 -  
d i o x a n ,  m .p .  3 0 ° ,  aa  p r e p a r e d - b y  B o e se k en  e t  a l .  ( l o c .  c i t . ) .
P h o t o c h l o r i n a t i o n  o f  1 , 4 - d i o x a n  i n  t h e  above m an n e r ,  
p r o v i d e d  65-6.0$, m .p .  3 0 ° ,  and 3 5 - 4 0 $ ,  m .p .  5 3 ° ,  i s o m e r s ,  and 
t h e  same r e s u l t s  were  o b t a i n e d  by t h e  c h l o r i n a t i o n  o f  1 , 4 -  
d i o x a n  a t  7 5 ° .  C o n v e r s i o n  o f  t h e  i s o m e r ,  m .p .  5 3 ° ,  t o  t h e  
i s o m e r ,  m .p .  3 0 ° ,  was e f f e c t e d  by h e a t i n g  a t  1 1 0 ° ,  by 
a lu m in iu m  c h l o r i d e  i n  b e n z e n e ,  o r  by b o i l i n g  u n d e r  r e f l u x  w i t h  
t h i o n y l  c h l o r i d e .  The i s o m e r ,  m .p .  3 0 ° ,  was r e s o l v e d  
k i n e t i c a l l y  and t h u s  shown to  be t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  
( I I ) .  By d i f f e r e n c e ,  t h e  i s o m e r ,  m .p .  5 3 ° ,  m ust  be  c i s - 2 , 3 -  
d i c h l o r o - 1 , 4 - d i o x a n .
( I I )  r e a c t s  w i t h  a r o m a t i c  G r i g n a r d  r e a g e n t s  ( e . g . PhMgBr) 
t o  g i v e  i n  e ach  c a se  a compound t h a t  a n a l y s e s  a s  t h e  e x p e c t e d  
t r a n s - 2 , 3 - d i a r y l - l , 4 -d iox .an  ( C h r i s t  and S u m m erb e l l ,  J . Amer. 
Chem. S o c .  , 1933,  _55, 4547;  B auer  and Su m m erb e l l ,  i b i d . ,  1935,
5 7 , 2 3 6 4 ) .  There  i s  s a t i s f a c t o r y  p r o o f  f o r  th e  s t r u c t u r e s  o f
- 1 5 -
t h e  p r o d u c t s  o b t a i n e d ,  e . g . : -
~ CHO OCPh
j v f  p h  .ggaSL-^ | -t |
J p h  .1 p h CHO OCPh
m .p .  4 9 ° ,  f ro m ~r
4HC1
s y n t h e s i s  i n  85% y i e l d .
The r e a c t i o n  b e tw e e n  c j L s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  and 
phen y lm ag n es iu m  b rom id e  p r o v i d e s  a compound, m .p .  4 6 - 4 3 ° ,  i n  
25% y i e l d  (Sum m erbe l l  and Lunk ,  l o o ,  c i t .  ) .
T r a n s - 2 , 3 - d i a l k y 1 - 1 , 4 - d i o x a n s  h av e  b e e n  r e p o r t e d  ( p r e p a r e d  
by  u s i n g  t h e  c o r r e s p o n d i n g  a l k y l  G r i g n a r d  r e a g e n t ) ,  b u t  t h e  
y i e l d s  a r e  e x t r e m e l y  low .
( I I )  r e a c t s  w i t h  p r i m a r y  a l c o h o l s  ( e . g . PhCHgOH), w i t h  t h e  
e l i m i n a t i o n  o f  h y d r o g e n  c h l o r i d e ,  and  w i t h  p o t a s s i u m  a c e t a t e ,  
w i t h  t h e  e l i m i n a t i o n  o f  p o t a s s i u m  c h l o r i d e ,  t o  g i v e  p r o d u c t s  
a n a l y s i n g '  c o r r e c t l y  f o r  t h e  e x p e c t e d  e t h e r e  o r  e s t e r  i n  e a c h  
c a s e  (B oeseken ,  T e l l e g e n  and H e n r i q u e z ,  i b i d . , 1933 ,  55 ,  1 2 8 4 ) .
No p r o o f  o f  s t r u c t u r e  by  d e g r a d a t i o n  was g i v e n .
With magnesium and o t h e r  m e t a l s ,  ( I I )  y i e l d s  l , 4 - d i o x - 2 -  
ene (Sum m erbell  and B a u e r ,  l o c .  c i t . ) .  T h i s  compound i s  u n s t a b l e  
and p o l y m e r i s e s  i n  a few d a y s  t o  a  b l a c k  t a r .  The a d d i t i o n  o f  
h y d ro g e n  c h l o r i d e  t o  l , 4 - d i o x - 2 - e n e  g i v e s  m o n o c h l o r o - 1 , 4 - d i o x a n ,  
w hich  i s  u n s t a b l o  a t  room t e m p e r a t u r e s ,  l o s i n g  h y d ro g e n  c h l o r i d e .
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l , 4 - D i o x - 2 - e n e  a l s o  a d d s  c h l o r i n e  to  g i v e  ( I I ) ,  and t h i s  
e x p l a i n s  t h e  n o n - o c c u r r e n c e  o f  m o n o c h lo r o - 1 , 4 - d i o x a n  a f t e r  
c h l o r i n a t i o n  a t  9 0 ° ;
t
W ith  sodium o r  p o t a s s i u m  d e r i v a t i v e s  o f  a l i p h a t i c  a l c o h o l s ,  
( I I )  y i e l d s  s u b s t a n c e s  t h a t  a n a l y s e  c o r r e c t l y  f o r  t h e  e x p e c te d
2 . 3 - d i a l k o x y - c o m p o u n d .
W ith  h y d ro g e n  c y a n id e  i n  e t h e r  o r  p y r i d i n e ,  o r  w i t h  
p o t a s s i u m ,  m e r c u r i c ,  s i l v e r ,  c u p ro u s  o r  l e a d  c y a n i d e s ,  none o f  
t h e  e x p e c t e d  2 , 3 - d i c y a n o - l , 4 - d i o x a n  i s  o b t a i n e d  (Baker  and 
Shannon,  J . ,  1933,  1 5 9 8 , -  no a c t u a l  e x p e r i m e n t a l  d e t a i l s  a r e  
g i v e n ) .  T h i s  i s  i n t e r e s t i n g  s i n c e  c h l o r o - 1 , 4 - d i o x a n  y i e l d s  cyano
1 . 4 - d i o x a n  on t r e a t m e n t  w i t h  s i l v e r  c y a n id e  (N e ls o n ,  M insek ,
Simon and Underwood, J ,  Airier. Chem. So c . , 1955 ,  7 7 , 1 6 9 5 ) .  From
t h i s  t h e  c o r r e s p o n d i n g  a c i d  was o b t a i n e d .  Thus t h e  i n a b i l i t y  to
s u b s t i t u t e  c y a n o - g r o u p s  f o r  c h l o r o - g r o u p s  i n  ( I I )  e l i m i n a t e s
th e  m ost  o b v io u s  method f o r  t h e  p r e p a r a t i o n  o f  ( I ) .
P a r t  I  o f  t h e  p r e s e n t  work d e s c r i b e s  a t t e m p t s  t o  p r e p a r e
on
t h e  compound ( I ) ,  b a s e d  b o t h  c o n s i d e r a t i o n  o f  t h e  compound a s  anA
e t h e r ,  and by t h e  a t t e m p t  u s i n g  r e a c t i o n s  o f  ( I I )  n o t  h i t h e r t o  
r e p o r t e d .
T r a n s - 2 , 3 - e  t h y l e n e d i ’o x y - 1 , 4 - d i o x a n .
With  e t h y l e n e  g l y c o l ,  t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  ( I I )  
r e a c t s ,  w i t h  t h e  e v o l u t i o n  o f  h y d ro g e n  c h l o r i d e ,  t o  g i v e  two 
i s o m e r i c  s u b s t a n c e s ,  C^H^qOa? m .p .  1110 ( I I I )  and 136° (IV) 
r e s p e c t i v e l y .  ( I l l )  and ( IV)  fo rm  a s e r i e s  o f  e u t e o h t i -Q m i x t u r e s  
w i t h  m .p .  3 7 -1 3 6 °  (Baker  and Shannon ,  l o c .  c i t . ) .
In  e a r l y  work on t h e s e  compounds, t h e  l o w e r - m e l t i n g  i so m er  | 
waq n o t  d e t e c t e d  a s  a r e a c t i o n  p r o d u c t  ( i t  was o n l y  o b s e r v e d  }
when e x p e r i m e n t a l  work was r e p e a t e d  on a  more q u a n t i t a t i v e  b a s i s ) .
2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( a l s o  c a l l e d  g l y o x a l  d i e t h y l e n e  
a c e t a l ;  1 , 4 , 5 , 8 - n a p h t h o d i o x a n ;  h e x a h y d r o - ^ - d i o x i n o -  (b ) - £ - d i o x i n ).
I n  1895 D onc iu  (M o n ta s h , 1895,  16 , .  8 ; J . ,  1895 ,  6 8 , A 319) 
t r e a t e d  a  m i x t u r e  o f  g l y o x a l  and e t h y l e n e  g l y c o l  w i t h  h y d ro g e n  
c h l o r i d e ,  and i s o l a t e d  one compound, m .p .  1 3 4 - 5 ° .  He a l s o  
r e p o r t e d  t h e  e x i s t e n c e  o f  a y e l l o w  o i l ,  f rom  t h e  t r e a t m e n t  o f  
e t h y l e n e  g l y c o l  w i t h  c h l o r i n e ,  to  which  he a s s i g n e d  t h e  
s t r u c t u r e : -  o n
On t r e a t m e n t  o f  t h i s  w i t h  sodium e t h o x i d e ,  a p r o d u c t ,  m .p .  1 3 6 ° ,  !
which  c o r r e s p o n d e d  w i t h  t h e  p r e v i o u s  p r o d u c t ,  was o b t a i n e d .  j
I n  1932 B aker  and F i e l d  made an  i n v e s t i g a t i o n  o f  t h e  j
s t r u c t u r e  o f  g l y o x a l  s u l p h a t e  ( p r e p a r e d  f rom  a c e t y l e n e  
t e t r a c h l o r i d e  and fum ing  s u l p h u r i c  a c i d ) ,  and t r e a t e d  t h i s  I
s u b s t a n c e  w i t h  e t h y l e n e  g l y c o l .  A p r o d u c t  w a s - .o b t a in e d ,  m .p .
1 3 7 ° ,  w h ich  was fo un d  t o  be i d e n t i c a l  (mixed m .p .  c o m p a r i s o n )  
w i t h  ( I V ) (B a k e r  and F i e l d ,  £ . ,  1932 ,  8 6 ) .  .
Dano, F u r b e r g  and H a s s e l  (A c t a .  Chem. S o a n d . , 1950 ,  4 ,
965;  Chem. Ah s . ,  1952 ,  46 ,  3 1 6 ° )  d e t e r m i n e d  th e  c r y s t a l  
s t r u c t u r e  o f  ( I I I ) ,  f rom  a two d i m e n s i o n a l  F o u r i e r  s e r i e s  t o  
be  t h a t  o f  2 , 2 t - b i s - ( l , 3 - d i o x o l a n ) ( a l s o  c a l l e d
B o eseken  e t a l .  s u g g e s t e d  t h a t  t h e  p r o d u c t s  were c i s -  and t r a n s
OH
- 1 8 -
b i - 1 , 3 - d i o x a - 2 ~ c y c l o p e n t y l ) .  I n  1954 ,  t h e  worh o f  Faas's and
H i l g e r t  ( B e r . ,  1954,  87 ,  1343)  on th e  c y c l i c  a c e t a l s  o f
g l y o x a l  i n c l u d e d  t h e  unam biguous  s y n t h e s i s  o f  2 , 2 ’ - b i s -
( 1 , 3 - d i o x o l a n ) :
CHoOH CH2° \
I + OHC.CH CHp HC1 i JH .CHp.CHpCl
CH,0H g a s  CHp CK^
s o l i d  KOHl2
c h 2 ° v  c h 2 ° .
I ^CH.CH(0H).CH20Ht — -----  | "^CH.GH:CH2
CH2 0
P b ( 0 A c ) 4
KMnO^ CHgO
CHS0 ^  * H0CH2  , Q % 0  /OGHg
| CIT. CHO ' +  | BFrz I ^ C H .C H  i
CHpO HO CHo °  CHoO . '0 C H p
* 2 , 2 T- b i s - ( l , 3 - d i o x o l a n )
The f i n a l  p r o d u c t  had  a m .p .  c o r r e s p o n d i n g  t o  t h a t  o f  ( I I I ) ,
which  was n o t  d e p r e s s e d  on i n t e r m i x i n g .
Compounds ( I I I )  and ( I V) ,  t o g e t h e r ,  h a v e  a l s o  b e en  
o b t a i n e d  by r e a c t i o n s  b e tw e e n  t ^ t O  )g :CH.CH:(EtO ) 2 , H0CH2CH20H 
and BFg; ( IV) and BF^; and  ( IV)  h a s  b e e n  o b t a i n e d  by a d d in g  
e t h y l e n e  g l y c o l  t o  t h e  p y r i d i n i u m  s a l t  o f  ( I I ) ( F a a s s  and 
H i l g e r t ,  l o c .  c i t .  ) .  ( I l l )  and ( I V)  v/ere o b t a i n e d  by Sprung  
and G u e n th e r  (J .  Amer.Chem. S o c . ,  1951 ,  7 3 , 1884)  by t h e  
r e a c t i o n  b e tw e e n  g l y o x a l ,  e t h y l e n e  g l y c o l  and j>- 
t o l u e n e s u l p h o n i c  a c i d  m o n o h y d r a t e .
The X - r a y  c r y s t a l l o g r a p h i c  a n a l y s i s  o f  t h e  m e rc u ry  s a l t  
a d d i t i o n  compound o f  (IV) by H a s s e l  and Ramming (A c t a .  Chem. 
S c a n d 1956,  10 ,  136)  shovied t h a t  (IV) was i n  f a c t  t r a n s -
2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n .  T h e re  h a s  b e e n  no c h e m ic a l  p r o o f  
t o  v e r i f y  t h i s  l a s t  o b s e r v a t i o n .
- 1 9 -  ' !
Summerbell  and Lunk ( l o c . c i t . ) t r e a t e d  c i s - 2 , 5 - d i c h l o r o -
1 , 4 - d i o x a n  w i t h  e t h y l e n e  g l y c o l  i n  th e  manner  u sed  by  B oeseken ,  ]
T e l l e g e n  and H e n r iq u e z  ( i b i d . ,  1933 ,  55 ,  1 2 3 4 ) ,  and i n  th e  
manner u se d  by F a a s s  and K i l g e r t  ( l o c . c i t . ) .  I n  t h e  f i r s t  j
c a se  t h e y  o b t a i n e d  a e u t e c ^ t i c  m i x t u r e  which had an i n f r a - r e d  
s p e c t r u m  i d e n t i c a l  w i t h  t h a t  o f  t h e  p r o d u c t  f rom  ( I I )  and 
e t h y l e n e  g l y c o l ,  and i n  th e  l a t t e r  c a s e ,  t h e y  o b t a i n e d  ( I V) .
Thus c i s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  h a s  n e v e r  b e e n  p r e p a r e d .
P a r t  I I  o f  t h e  p r e s e n t  work i s  c o n c e rn e d  w i t h  t h e  s t u d y  
o f  t h e  c h e m i s t r y  o f  t r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( I V) .  j
*2 , 3 - B t h y l e n e d i o x y - 5 , 6 - d i c a r b e t h o x y - l , 4 - d i o x a n * [
The f a c t  t h a t  i n t e r a c t i o n  b e tw e e n  t r a n s - 2 , 3 - d i c h l o r o - l , 4 -  j
d i o x a n  ( I I )  and e t h y l e n e  g l y c o l  g i v e s  t h e  two p r o d u c t s  q b s e r v e d  i
h a s  l e a d  to  s p e c u l a t i o n  a s  t o  t h e  c o u r s e  o r  t h e  r e a c t i o n .
I t  h a s  b e e n  s u g g e s t e d  t h a t  w a t e r  ( i n  c a t a l y t i c  amounts  !
p e r h a p s  f rom  t h e  r e a c t i o n  o f  e t h y l e n e  g l y c o l  and h y d ro g e n  
c h l o r i d e )  e f f e c t s  t h e  h y d r o l y s i s  o f  ( I I ) ,  and t h e  r e s u l t i n g  
g l y o x a l  g i v e s  r i s e  to  ( I I I )  and ( I V) .  The e x p l a n a t i o n  i s  
c o m p l i c a t e d  by t h e  f a c t  t h a t  i f  e t h a n e - 1 , 2- d i t h i o l  r e p l a c e s  
e t h y l e n e  g l y c o l  t h e  o n l y  p r o d u c t  fo rm ed i s  t h e  s u l p h u r  a n a lo g u e  
o f  ( I I I ) ,  namely  2 , 2 r - b i s - ( l , 3 - d i t h i o l a n ) .
I t  i s  c l e a r  t h a t  f u r t h e r  i n f o r m a t i o n  c o n c e r n i n g  s i m i l a r
r e a c t i o n s  o f  ( I I )  i s  r e q u i r e d  
??
Boesek en ,  T e l l e g e n  and H e n r iq u e z  ( l o c .  c i t . ) i s o l a t e d  a 
p r o d u c t ,  m .p .  9 3 . 3 - 9 4 . 7 ° JpClj)2 - 0 . 3 0 °  f o r  a 0.8% e t h a n o l i c  
s o l u t i o n ,  f ro m  th e  r e a c t i o n  b e tw ee n  ( I I )  and d i e t h y l  ( + ) ~ t a r t r a t e f
•20-
and t o  which  t h e y  a s s i g n e d  t h e  s t r u c t u r e  o f  2 , 3 - e t h y l e n e d i o x y  
- 5 , 6 - d i c a r b e t h o x y - 1 , 4 - d i o x a n ,
JX 0
S '  ^  ^  COgCgHs
^  C° 2 C2H50 '
w i t h o u t  f u r t h e r  c h e m ic a l  p r o o f .
T here  co u ld  bo a t  l e a s t  two i s o m e r s  o f  t h e  above  s t r u c t u r e
f rom  t h a t  r e a c t i o n ,
H H
y<;C02 C2H5
_co2c 2h 5
- - C 0 2 CgH5
J ^ C02C2H5 
H H
From th e  g e n e r a l  r e a c t i o n  c i s -  and t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  
and d i e t h y l  ( i )  and m e s o - t a r t r a t e  t h e r e  c o u ld  p o s s i b l e  be  formed 
t e n  s t e r j b o i s o m e r i d e s ,  c o m p r i s i n g  f o u r  r a c e m ic  p a i r s  and two 
m e s o - fo r m s ,  o f  th e  b a s i c  f o r m u la  shown a b o v e .
P a r t  I I I  o f  t h e  p r e s e n t  work d e s c r i b e s  th e  c h e m i s t r y  o f  
t h e  compound d e s i g n a t e d  2 , 3 - e t h y l e n e d i o x y - 5 , 6 - d i c a r b e t h o x y - l , 4 -  
d i o x a n .
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DISCUSSION 
P a r t  I :
A t tem p ted  s y n t h e s i s  o f  2 , 5 - d i c a r b o x y - 1 , 4 - d i o x a n  and r e l a t e d  
componds.
S u g g e s te d  m e t h o d s .
F o r  t h e  p r e p a r a t i o n  o f  t h e  v a r i o u s  2 , 3 - d i c a r b o x y - l , 4 - ' 
d i o x a n s  two a v e n u e s  o f  a p p ro a c h  s u g g e s t e d  t h e m s e l v e s .
( i )  The f i s t  a p p ro a c h  w a s - t h e  s y n t h e s i s  o f  a  d i o x a n  r i n g  
f rom  o p e n - c h a i n  compounds ( i . e . t h e  e s t a b l i s h m e n t  o f  t h e  r i n g ) ,  
t h e s e  compounds h a v i n g  c a r b o x y l i c  a c i d  o r  p o t e n t i a l  c a r b o x y l i c  
a c i d  g r o u p s  i n  t h e  r e q u i r e d  r e l a t i v e  p o s i t i o n s .
( i i )  The second  a p p ro a c h  was t o  s t a r t  w i t h  a  d i o x a n  ( i . e . 
t h e  r i n g  a l r e a d y  e s t a b l i s h e d ) ,  and t o  s u b s t i t u t e  p o t e n t i a l  
c a r b o x y l i c  a c i d  g r o u p s  011 to  t h i s  n u c l e u s .
( i )  C y c l i s a t i o n  r e a c t i o n s .  I t  was d e c i d e d  to  t r e a t  t h e  
p o s s i b i l i t i e s  s y s t e m a t i c a l l y .
1
/ ° \ 2
6 CHp CH. CO«,H
I I
5 CHp ,C H . COoH
3 *
4
S i n g l e  bond r i n g - c l o s u r e  a t  p o s i t i o n s  2 -3  o r  5-6  would be 
i m p r a c t i c a b l e  a s  i t  would a lm o s t  c e r t a i n l y  i n v o l v e  t h e  
p r e p a r a t i o n  and s u b s e q u e n t  r e a c t i o n  o f  an  o < ; - h a lo g e n o - e th e r , 
and many o f  t h e s e  a r e  u n s t a b l e .  (But  see  a l s o  t h i s  D i s c u s s i o n  
P* 3 8 )
When r i n g - c l o s u r e  by e t h e r  bond f o r m a t i o n  i s  c o n s i d e r e d
i t  w i l l  be s e e n . t h a t  t h i s  would i n v o l v e  th e  p r e v i o u s  p r e p a r a t i o n  
o f  an  o p e n - c h a i n  e t h e r  (o f  c o m p l i c a t e d  s t r u c t u r e ) ,  and i f  t h e  
l a s t  bond to  be e s t a b l i s h e d  were  t o  be a t  e . g . 1 - 6 , t h i s  c o u ld  
i n v o l v e  t h e  r e a c t i o n  o f  a ^ - h a l o g e n o - e t h e r  and t h e s e  a r e  more 
s t a b l e  t h a n  t h e  c*£-compound s .  However ,  t h e  p o s s i b i l t y  i m m e d ia te ly  
a r o s e  t h a t  t h e  s y n t h e s i s  m ig h t  be a c c o m p l i s h e d  by t h e  
s i m u l t a n e o u s  e s t a b l i s h m e n t  o f  two e t h e r  b o n d s ;  i n  t h i s  c a se  t h e  
r e a c t a n t s  m ig h t  be  s y m m e t r i c a l  o r  u n s y m m e t r i c a l ,  th ou g h  i n  th e  
l a t t e r  e v e n t  t h e  d i f f e r i n g  r a t e s  o f  r e a c t i o n  Y/ould l e a d  a lm o s t  
c e r t a i n l y  t o  u n d e s i r a b l e  s i d e - r e a c t i o n s .
R i n g - c l o s u r e  by  two s e p a r a t e  bo n ds  a t  p o s i t i o n s  1 -2  and 
3 - 4 ,  o r  1 -6  and 4 -5  was c o n s i d e r e d  f e a s i b l e ,  and i s  r e p r e s e n t e d  
by t h e  scheme I .
The s u b s t i t u e n t ,  R, i s  n o t  d i r e c t l y  i n v o l v e d  i n  t h e  s y n t h e s i s ,  
and may be c o n v e n i e n t l y  c o n s i d e r e d  a s  an  e t h y l  g r o u p .  The 
s u b s t i t u e n t ,  X, c o n c e rn e d  i n  t h e  s y n t h e s i s  o f  t h e  d i o x a n  r i n g ,  
m us t  be o f  such  a n a t u r e  t h a t  i t  w i l l  combine w i t h  t h e  h y d ro g e n  
a tom o f  t h e  o t h e r  f r a c t i o n ,  t h e r e b y  u n i t i n g  t h e  two m o i e t i e s  
by a s y n t h e s i s  c o r r e s p o n d i n g  w i t h  t h a t  o f  e t h e r s .  Thus t h e  
m ost  p r o m is in g  c a s e  would be where  s u b s t i t u e n t  X was a h a l o g e n  
a tom .
'CH .CO gR
( a )  p o s i t i o n s  l-r6 and 4 - 5 .
scheme I .
(b )  p o s i t i o n s  1 - 2  and 3 - 4
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G e n e r a l  d i s c u s s i o n .
C o n se q u e n t ly  i n  t h e  scheme 1 ( a ) ,  d i e t h y l  ( 4 ) - t a r t r a t e , 
which i s  e a s i l y  a v a i l a b l e ,  c o u ld  be t r e a t e d  w i t h  a 1 , 2 -  
d i h a l o g e n o ~ e t h a n e  t o g e t h e r  w i t h  a means t o  e f f e c t  t h e  e l i m i n a t i o n  
o f  h y d ro g e n  h a l i d e .  The g e n e r a l  m ethods  f o r  th e  s y n t h e s i s  o f  
e t h e r s  m us t  be. a p p l i e d  h e r e ,  t h e  m os t  i m p o r t a n t  o f  w h ich  i s  th e  
W i l l i a m s o n  method* -T h is  i n  e s s e n c e ,  i s  a  c o n d e n s a t i o n  o f  an 
a l k y l  h a l i d e  w i t h  a  p o t a s s i u m  o r  sodium a l k o x i d e  w i t h  t h e  
e l i m i n a t i o n  o f  p o t a s s i u m  o r  sod ium  h a l i d e .  U n f o r t u n a t e l y  i t  
was r e p o r t e d  t h a t  a t t e m p t s  had  b e en  made t o  a l k y l a t e  t h e  
a l c o h o l i c  h y d r o x y l  g r o u p s  o f  t a r t a r i c  a c i d  and i t s  e s t e r s ,  b u t  
w i t h o u t  s u c c e s s .  P e r k i n  (J . , 1867,  2(D, 1 5 5 ) ,  by t h e  t r e a t m e n t  
o f  e t h y l  i o d i d e  w i t h  d i e t h y l  m o n o s o d i o - t a r t r a t e , o b t a i n e d  an 
o i l  w h ich  he t h o u g h t  was p r o b a b l y  d i e t h y l  m o n o e t h y l t a r t r a t e , 
b u t  t h e  l a t e r  r e s e a r c h e s  o f  L a s s a r - C o h n  (B e r . ,  1887 ,  20 ,  2003) 
and M ulder  (Reo.  t r a v .  chim. , 1889 ,  8 , 361)  have  shown t h a t  
n e i t h e r  t h e  sodium n o r  t h e  p o t a s s i u m  d e r i v a t i v e s  o f  d i e t h y l  
t a r t r a t e  r e a c t  i n  t h e  u s u a l  way w i t h  a l k y l  i o d i d e s ;  t h e  
p r o d u c t s  were n o t  i d e n t i f i e d .
I n  a n o t h e r  s e r i e s  o f  e x p e r i m e n t s  P u r d i e  and P i t k e a t h l y  
(J . , 1899 ,  7 5 , 157 ) ,  c o n c e rn e d  v^ith t h e  o p t i c a l  a c t i v i t y  o f  
a l k o x y s u c o i n a t e s ,  o b t a i n e d  e v id e n c e  o f  t h e  p r o d u c t i o n  o f  
a l k o x y - d e r i v a t i v e s  i n  t h e  i n t e r a c t i o n  o f  s i l v e r  s a l t s  o f  
h y d r o x y - a c i d s  w i t h  a l k y l  i o d i d e s .  They e n d e v o u re d  t o  a d a p t  th e  
r e a c t i o n  a s  a p r e p a r a t i v e  one f o r  a l k o x y - a c i d s . K a la i& s  and 
■ t a r t r a t e s  wore a l k y l a t e d  by m e a n s ‘o f  a l k y l  i o d i d c g  i n  t h e v
p r e s e n c e  o f  d r y  s i l v e r  o x i d e ,  and th e  p r o d u c t s  were  fou n d  t o  !
h ave  a h i g h  d e g r e e  o f  o p t i c a l  a c t i v i t y ;  i n  t h e  c a s e s  o f  d i e t h y l  '
( - t ) - t a r t r a t e  and d i e t h y l  ( - f ) - l ,  2 - d i e t h o x y s u c c i n a t e  t h e  j
i
c o m p a r a t iv e  m o l e c u l a r  r o t a t i o n s  were  1 1 5 .8 °  and 1 2 4 4 . 3 ° ,  and j
f o r  t h e  f r e e  a c i d s  -+20.6°  and + 1 5 6 .6 °  r e s p e c t i v e l y .  They a l s o  
p r e p a r e d  i n  t h e  same manner  a lk o x y p r o p ih io n ic  a c i d  and |
a l k o x y ( p h e n y l a c e t i c ) a c i d  f rom  l a c t i c  and m a n d e l i c  a c i d s  
r e s p e c t i v e l y .
F u r t h e r  to  t h e  work o f  P u r d i e  and P i t k e a t h l y ,  L a n d e r  (J . , 
1900 ,  729)  u s e d  d r y  s i l v e r  o x id e  and a l k y l  i o d i d e s  a s  
a l k y l a t i n g  a g e n t s .  He d e s c r i b e d  a number o f  p r e p a r a t i o n s ,  
u s i n g  s i l v e r  o x i d e ,  i n v o l v i n g  l a r g e r  a l k y l  g r o u p s  i n  t h e  a l k y l  
i o d i d e s  t h a n  p r e v i o u s l y ,  e . g . i s o p r o p y l  i o d i d e ,  e t h y l  
i o d o a c e t a t e ,  t o g e t h e r  w i t h  a number o f  hydroxy-com pounds  e . g . 
b e n z o i n ,  e t h y l  a c e t o a c e t a t e ,  e t c .  I n  t h e  d i s c u s s i o n  o f  t h e  
r e s u l t s  o f  h i s  e x p e r i m e n t s  and t h o s e  by p r e v i o u s  a u t h o r s ,  he 
n o t e d  t h a t  t h e  g e n e r a l  a s p e c t  o f  t h e  b e h a v i o u r  o f  s i l v e r  o x id e  
and a l k y l  h a l i d e s  a s  an a l k y l a t i n g  a g e n t  was a r e a c t i o n  b o t h  
smooth and r a p i d .  I n  many c a s e s ,  c o m p le te  a l k y l a t i o n  was n o t  
e f f e c t e d  by one t r e a t m e n t  w i t h  s i l v e r  o x id e  and t h e  l i m i t  o f  
a p p l i c a b i l i t y  m ig h t  be r e g a r d e d  a s  r e a c h e d  i n  th e  c a s e s  o f  
compounds i n s o l u b l e  i n  t h e  h a l i d e  o r  i n  some n e u t r a l  s o l v e n t .
The p o s s i b l e  p r e j u d i c i a l  e f f e c t  o f  th e  v /a te r  formed i n  th e  
r e a c t i o n  was ,  t o  a g r e a t  e x t e n t ,  m i t i g a t e d  by t h e  p r a c t i c a l  
i n s o l u b i l i t y  o f  t h e  w a t e r  i n  t h e  h a l i d e ,  and c o u ld  i n  c e r t a i n  
c a s e s  be r e d u c e d  to  a minimum by t h e  employment o f  a s u f f i c i e n t
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e x c e s s  o f  s i l v e r  o x id e  and h a l i d e .
I t  was a p p a r e n t l y  t h e  o n l y  r e a c t i o n  whereby d i r e c t  
a l k y l a t i o n  o f  h y d r o x y - a c i d  e s t e r s  m ig h t  be b r o u g h t  a b o u t .  As t o  j 
t h e  s u i t a b i l i t y  o f  p a r t i c u l a r  i o d o - ,  b rom o - ,  o r  ch lo ro -c o m p o u n d s |  
t h e  f o r m e r  were  found  t o  y i e l d  th e  b e s t  r e s u l t s .  T h i s  was d u e ,  
no d o u b t ,  t o  t h e i r  i n f e r i o r  s t a b i l i t y  compared to  t h o s e  b romo- j 
and c h lo r o - c o m p o u n d s .  L a n d e r  a l s o  t h o u g h t  t h a t  b e c a u s e  t h e  j
m o l e c u l a r  volume o f  s i l v e r  i o d i d e  i s  g r e a t e r  t h a n  th e  
combined m o l e c u l a r  vo lum es  o f  s i l v e r  and i o d i n e ,  t h i s  m ig h t  
have  some e f f e c t  on th e  c o m p a r a t i v e  e a s e  w i t h  which  s i l v e r  
i o d i d e  i s  e l i m i n a t e d  i n  t h e  p r o c e s s  o f  many o r g a n i c  s y n t h e s e s .
The t a r d i e r  a c t i o n  o f  c h l o r o -  and bromo-compounds was 
found  to  be d e t r i m e n t a l  a s  g r e a t e r  c h an c es  were t h u s  a f f o r d e d  
f o r - t h e  r e a c t i o n s  i n v o l v i n g  o x i d a t i o n .  Of t h e  a l k y l  i o d i d e s  
e t h y l  and m e t h y l  were  m os t  s u i t a b l e ,  and o f  t h e s e  t h e  l a t t e r  
was m ost  r e a c t i v e .  With  i s o p r o p y l  i o d i d e  t h e  r e a c t i o n  was 
u s u a l l y  n o t  c o m p l e t e ;  t h i s  m ig h t  q u i t e  r e a d i l y  be a c c o u n te d  
f o r  by t h e  f a c t  t h a t  t h e  i n t e r a c t i o n  w i t h  s i l v e r  o x i d e ,  w i t h  
th e  f o r m a t i o n  o f  a l k y l  e t h e r s ,  was n o t a b l y  more v i g o r o u s  i n  th e  
c a s e  o f  i s o p r o p y l ,  t h a n  o f  m e t h y l  and e t h y l  i o d i d e s .
The o c c u r r e n c e  o f  o x i d a t i o n  depended  on th e  c o n d i t i o n s  o f  
th e  e x p e r i m e n t .  I n  t h e  a b s e n c e  o f  a l k y l  i o d i d e s  o x i d a t i o n  was 
e x t r e m e l y  v i g o r o u s ,  u s u a l l y  r e s u l t i n g  i n  t h e  p r o d u c t i o n  o f  
r e s i n o u s  m a t e r i a l .  T h i s  c o u ld  be a v o id e d  e i t h e r  by a d d in g  t h e  
o x id e  to  t h e  m i x t u r e  o f  th e  h a l i d e  and h y d ro x y -co m p o u n d , o r  by 
a d d in g  t h e  hydroxy-com pound t o  a m i x t u r e  o f  t h e  o x id e  and
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h a l i d e .
The f a c t  t h a t  z i n c  o x i d e ,  l e a d  m onox ide ,  o r  c u p r i c  o x id e  
cou ld  n o t  r e p l a c e  s i l v e r  o x id e  a s  a f u n c t i o n a l  p a r t  o f  t h e  
r e a c t i o n ,  e l i m i n a t e s  t h e  s i n g l e  r o l e  o f  th e  o x id e  a s  a means- 
to  condense  t h e  a tom s o f  h y d ro g e n  and i o d i n e  f rom  t h e  s p h e r e  
o f  a c t i o n *  The a c c u m u la t e d  e v id e n c e  h a s  l e a d  t o  t h e  v iew  t h a t  
u n s t a b l e  s i l v e r  d e r i v a t i v e s  a r e  formed,, which  t h e n ' w i t h  d o u b le  
d e c o m p o s i t i o n  w i t h  th e  h a l i d e  y i e l d  t h e  c o r r e s p o n d i n g  e t h e r s  
and s i l v e r  i o d i d e .  The c y c l e  o f  chan g e s  can  be  r e p r e s e n t e d  
t h u s :
2R0H + A g g O  > 2R0Ag +  H20
2R0 Ag -f 2R ’ I  2R0R? r  2AgI
Ag20 + H20 4-2R! I   -------} 2R<0H-f-2AgI
2RT OH-j- A g g O  } e t c .
scheme I I
The s im p le  r e a c t i o n  b e tw e e n  s i l v e r  o x id e  and a l k y l  i o d i d e  
to  p ro d u c e  t h e  a l k y l  e t h e r  h a s  b e e n  r e p o r t e d  a s  q u i t e  v i g o r o u s ,  
and w i t h  a v a r i e t y  o f  c o n d i t i o n s  t h e  r e s u l t s  have  b e e n  
m a rk e d ly  d i f f e r e n t .  E r l e n m e y e r  (Ann. , 1863,  1 2 6 , 306;  L a n d e r ,  
l o c . c i t . ) u s i n g  m o i s t  s i l v e r  o x i d e ,  p r e p a r e d  i s o p r o p y l  e t h e r  
by a  v i g o r o u s  r e a c t i o n .  W urtz  (Ann. Chim. P h y s . , 1856,  i i i ,
4 6 , 222;  L a n d e r ,  l o c .  c i t . ) r e p o r t e d  t h a t  d r y  s i l v e r  o x id e  
w i t h  e t h y l  o r  m e t h y l  i o d i d e  l e d  t o  e n e r g e t i c  p r o d u c t i o n  o f  
t h e  e t h e r  w i t h  e v o l u t i o n  o f  h e a t .  L a n d e r ,  on t h e  o t h e r  h a n d ,  
c o u ld  n o t  r e p e a t  t h i s  l a t t e r  r e a c t i o n ,  and a f t e r  t h e  m i x t u r e  ■ 
o f  d r y  s i l v e r  o x id e  and mo t h y  1 i o d i d e  had  s to o d  f o r  3-g- d a y s ,
he r e c o v e r e d  a n . a l m o s t  q u a n t i t a t i v e  amount o f  i o d i d e .  Thus i t  
was p r o b a b l e  t h a t  t h e  p r o d u c t i o n  o f  t h e  e t h e r  d e pen d ed  on a 
s m a l l  amount o f  w a t e r  o r  a l c o h o l ,
AggO 4 -2C gH gO H — — *> SCgHgOAg •+HgO ---------
CgH50Ag-+CgH5I  ------ ) (CgH5 )20 +  Agl
r e c y c l e d  a s  i n  scheme I I  ^ -----------
scheme I I I
I n  t h e  p r e s e n c e  o f  a  t h i r d ,  more a c i d i c ,  compound, t h e  
r e a c t i o n  w o u l d - r e s u i t  i n  t h e  a l k y l a t i o n  o f  t h a t  compound, 
r a t h e r  t h a n  i n  t h e  p r o d u c t i o n  o f  t h e  e t h e r .
V a r io u s  e q u i l i b r i u m  r e a c t i o n s  were  p ro p o s e d  by L ander  
b a s e d  on h i s  o b s e r v a t i o n s  o f  t h e  e x p e r i m e n t s  u s i n g  s i l v e r  
o x i d e ,  and t h o s e  u s i n g  t h e  s i l v e r  s a l t  o f  m a l i c  a c i d ,  e . g . ,
HO.
CH.C02Ag 
GH2 C02Ag 
s t a r t i n g  m a t e r i a l  
o f  t h e  r e a c t i o n .
1___    BX __
HO
CH.C02R
i
CH2 C02R 
p r o d u c t  o f  t h e
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Both t h e  O - a l k y l a t e d  m a l i c  a c i d  and t h e  O ^-a lk y la ted  m a l i c  e s t e r
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h av e  b e en  i s o l a t e d  f rom  th e  r e a c t i o n  m ed ia .
P u r d i e  and I r v i n e  ( J . ,  1901,  7 9 ,  960) a l s o  r e c o r d e d  t h a t  
th e  a l k y l a t i o n  i s  p r o b a b l y  v i a  an u n s t a b l e  s i l v e r  i n t e r m e d i a t e  
o f  t h e  h y d ro x y -co m p o un d , and i t  i s  v e r y  u n l i k e l y  t h a t  t h e  
c o n f i g u r a t i o n  a t  t h e  c a r b o n  atom c a r r y i n g  t h e  h y d r o x y l  g ro up  
i s  a f f e c t e d *  They a l s o  r e c o n v e r t e d  t h e  ( + • ) - ! , 2 - d i a l k o x y -  
- s u c c i n a t e s  i n t o  ( + ) - t a r t a r i c  a c i d  u s i n g  h y d ro g e n  i o d i d e .
Aaomg’ a u t h o r s  who have  r e p o r t e d  t h e  u s e s  o f  s i l v e r  o x id e  
i n  t h e  s y n t h e s i s  o f  c a r b o h y d r a t e  d e r i v a t i v e s  a r e  R e y n o ld s  and 
Evans  (J .  Amer. Chem. S o c . , 1938 ,  6£ ,  3 5 5 9 ) ,  who u sed  a  m o d i f i e d  
form  o f  a r e a c t i o n  a s  u se d  by H e l f e r i c h  and K l e i n  (Ann. , 1926,  
4 5 0 , 219) i n  which  a c e to b r o m o g lu c o s e  was c o n densed  w i t h
1* ^ ) - g l u c o s e - 1 , 2 , 3 , 4 —t e t r a —a c e t a t e  by means o f  s i l v e r  o x i d e ,  
and t h e  p r o d u c t , ^ - g e n t i o b i o s e  o c t a - a c e t a t e , was o b t a i n e d  i n  
28.4% y i e l d .  T h i s  low y i e l d  was a t t r i b u t e d  to  v a r i o u s  s i d e  
r e a c t i o n s  o f  which  th e  m ost  p r o b a b l e  was t h a t  be tw ee n  
a c e to b r o m o g lu c o s e  and w a t e r  i n  th e  p r e s e n c e  o f  s i l v e r  o x id e  
to  f o r m ^ 3 - ( ^ ) - g l u c o s e - 2 , 3 , 4 , 6 - t e t r a - a c e t a t e , s i l v e r  b rom ide  
and w a t e r ,  t h e r e b y  s e t t i n g  a c h a i n  r e a c t i o n  i n  m o t i o n .
R e y n o ld s  and E v a n s ,  t o  m i t i g a t e  t h e  e f f e c t  o f  w a t e r ,  u se d  
an h y d ro u s  c a l c i u m  s u l p h a t e ,  and o b t a i n e d  a y i e l d  o f  r e q u i r e d  
p r o d u c t  o f  82%. I t  must  be  n o t e d  t h a t  i n  t h i s  r e a c t i o n  a 
bromo-compound was u se d  and t h a t  i t  was added i n  t h e  r e a c t i o n  
to  t h e  m i x t u r e  o f  ( I - ) - g l u c o s e - 1 , 2 , 3 , 4 - t e t r a - a c e t a t e  and
s i l v e r  o x id e  i n  c h lo r o f o r m .
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I n  t h e  scheme 1 (b )  ( t h i s  D i s c u s s i o n , ■p .  2 3 ) ,  w i t h  t h e  
s u b s t i t u e n t  X b e i n g  a h a l o g e n  a tom , e t h y l e n e  g l y c o l  c o u ld  be 
t r e a t e d  w i t h  d i e t h y l  1 , 2- d i h a l o g e n o s u c c i n a t e  t o g e t h e r ' w i t h  a 
means to  e f f e c t  t h e  e l i m i n a t i o n  o f  h y d ro g e n  h a l i d e .  I n  t h i s  
c a s e  o f  e t h e r  s y n t h e s i s ,  t h e  p r e v i o u s  u s e  o f  s i l v e r  o x id e  
m ig h t  be a p p l i e d ,  t h o ug h  t h e r e  have  b e e n  no p r e v i o u s  r e c o r d s  
o f  a s i m i l a r  r e a c t i o n .  However ,  t h e  W i l l i a m s o n  method f o r
e t h e r  s y n t h e s i s  i s  n o t  p r e c l u d e d  a s  t h e  p o t a s s i u m  o r  sodium
d e r i v a t i v e s  o f  e t h y l e n e  g l y c o l  m ig h t  p r e s u m a b l y  r e a c t  i n  t h e  
n o rm al  way w i t h  an a l k y l  h a l i d e .
An example  o f  t h e  a l k o x y l a t i o n  o f  a  h a l o g e n o - a c i d  i s  tha t ,
o f  t h e  p r e p a r a t i o n  o f  e t h o x y a c e t i c  a c i d  by Fuson  and W ojc ik  
(Qrgo S y n . ,  C o l l .  V o l .  I I ,  1943 ,  2 6 0 ) ,
2C2H50Na ~f C IC H g C O g H  > C2H50CH2 C02Na H-NaCl -f  CBH50H '
A s i m i l a r  p r e p a r a t i o n  o f  d i e t h y l  d i e t h o x y s u c c i n a t e  was e f f e c t e d  
by B ucher  and M i c h a e l  (B e r . ,  1396 ,  29,  1792)  who u s e d  sodium 
e t h o x i d e  and d i e t h y l  1 , 2 - d i b r o m o s u c c i n a t e , b u t  t h e  p r o d u c t  
was found t o  be t h e  u n s y m m e t r i c a l  compound; t h e  r e a c t i o n  was 
s u g g e s t e d  to  h av e  f o l l o w e d  th e  c o u r s e ,
C*HsO
NaOCpHg +  3 r . 0 H 0 0 2CgH5 * &r.CHC02 CPH5
I i n I -
B r . C H C 0 2 C2H 5 C2H 5 0H ' B r . a H C 0 2 C2H 5
C IIoC O oC cH r, .. C HCCU C„H k '
•. d j (~j (V kJ  —■'4. 1 ' U T t  II w  OI C pBgO H  II x
( C2 H 5 0  ) 2 : 0 .  C O gC gH g CgHgO . C .  COS 0 2 H 5
( - H B r  )
The y e a r  p r e v i o u s l y .  P u r d i e  and W i l l i a m s o n  ( I . , 1895 ,  6 7 , 
972) had  t h o u g h t  t h a t  t h e  m os t  o b v i o u s  method f o r  t h e
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p r e p a r a t i o n  o f  t h e  o p t i c a l l y  a c t i v e  d i m e t h y l  a l k o x y s u c c i n a t e s  
would be by t h e  r e p l a c e m e n t  o f  t h e  h y d r o x y l i c  h y d ro g e n  o f  th e  
d i m e t h y l  m a l a t e s  by a l k y l  g r o u p s ,  e i t h e r  by t h e  a c t i o n  o f  
sodium and t h e  s u b s e q u e n t  t r e a t m e n t  o f  t h e  sodium d e r i v a t i v e  
w i t h  an  a l k y l  i o d i d e ,  o r  by  t h e  c o n v e r s i o n  o f  t h e  m a l a t e  i n t o  
t h e  o p t i c a l l y  a c t i v e  m o n o h a l o g e n o - s u c c i n a t e  and th e  s u b s e q u e n t  
t r e a t m e n t  o f  t h i s  w i t h  sodium a l k o x i d e .  They f a i l e d  i n  b o t h  
c a s e s ,  t h e  l a t t e r  p r o d u c i n g  d i m e t h y l  m a l e a t e .  They d i d  
e v e n t u a l l y  p r e p a r e  t h e  r e q u i r e d  me t h o x y s u c c i n a t e  v i a  o p t i c a l l y  
a c t i v e  m e t h y l  a c e t y l s u c c i n a t e , b u t  i t  was fou n d  to  be o p t i c a l l y  
i n a c t i v e .
From t h e  o v e r a l l  v iew  o f  t h e  p r o p o s e d  m e tho d s  f o r  t h e  
p r e p a r a t i o n  o f  2 , 3 - d i c a r b o x y - l , 4 - d i o x a n  ( I ) ,  and t h e  p r e v i o u s  
r e p o r t s  on t h e  e x p e r i m e n t a l  d i f f i c u l t i e s ,  i t  can be s e e n  t h a t  
m ost  o f  t h e  p r e s c r i b e d  i d e a s  f o r  t h e  p r e p a r a t i o n  a r e  f e a s i b l e #  
Of t h e  more d o u b t f u l  p ro p o s e d  r e a c t i o n s ,  i t  was c o n s i d e r e d  
n e c e s s a r y  t h a t  t h e i r  a t t e m p t  s h o u ld  be made i f  o n l y  t o  v e r i f y  
t h e  g e n e r a l  t r e n d ,  and a l s o  w i t h  t h e  p o s s i b i l i t y  t h a t  one o f  
them m ig h t  be s u c c e s s f u l .
Method o f  W i l l i a m s o n ,  a p p l i c a t i o n ,  u s i n g  v i c i n a l  d i h a l o g e n o -  
compounds.
A p r e l i m i n a r y  e x p e r i m e n t  was u n d e r t a k e n  to  se e  w h e t h e r  
d i e t h y l  , 2- d i b r o m o s u c c i n a t e  and e t h y l e n e  g l y c o l  c o u ld  be
condensed  u s i n g  sod ium  t o  y i e l d  d i e t h y l  l - b r o m o - 2 ( 2 r - h y d r o x y -  
e t h o x y )  s u c c i n a t e  (Y) ,  o r  w h e t h e r  t h e  p r o d u c t  m ig h t  be  d i e t h y l
l , l - d i ( 2 t - h y d r o x y e t h o x y ) s u c c i n a t e  by t h e  r e a c t i o n
a n a l a g o u s  t o  t h a t  fo u n d  by B ucher  and M ic h a e l  ( l o c . c i t . ) .  I n  
t h e  e v e n t  o f  (V) b e i n g  o b t a i n e d ,  an  i n t r a m o l e c u l a r  e l i m i n a t i o n  
o f  h y d ro g e n  b ro m id e  ( f rom  th e  b rom ine  and h y d ro g e n  atom o f  t h e  
h y d r o x y - g r o u p ) would l e a d  t o  t h e  d e s i r e d  1 , 4 - d i o x a n  d e r i v a t i v e *  
U n f o r t u n a t e l y  beyond th e  p r o d u c t i o n  o f  a  r e s i n o u s  r e s i d u e ,  
t h e  o n l y  d i s t i l l a b l e  f r a c t i o n  a p p e a r e d  to  be  unch ang ed  d i e t h y l  
( ± ) ~ 1 , 2 - d i b r o m o s u c c i n a t e . N e v e r t h e l e s s  t h e  c o n d e n s a t i o n  o f  
d i e t h y l  ( :± ) - l ,  2 - d i b r o m o s u c c i n a t e  was a t t e m p t e d  w i t h  t h e  
sup p osed  d i p o t a s s i u m  d e r i v a t i v e  o f  e t h y l e n e  g l y c o l .  The 
p r o d u c t s  o f  t h i s  e x p e r i m e n t  were a l s o  s i m i l a r  t o  t h o s e  from 
th e  f o r m e r  e x p e r i m e n t ,  i . e . a r e s i n o u s  r e s i d u e  and a m a jo r  
f r a c t i o n  o f  un ch ang ed  d i e t h y l  ( £ ) - ! , 2 - d i b r o m o s u c c i n a t e .
Method o f  P u r d i e ,  a p p l i c a t i o n .
I t  i s  o b v io u s  t h a t  t h e  m os t  p r o m i s i n g  1 , 2 - d i h a l o g e n o - e t h a n e  
to  u s e  would be t h e  iodo-compound* U n f o r t u n a t e l y  1 , 2 -  
d i - i o d o e t h a n e  i s  n o t  a v a i l a b l e  owing t o  i t s  i n s t a b i l i t y .  The 
p r e p a r a t i o n  o f  t h i s  compound was e f f e c t e d  i n  s m a l l  y i e l d s  by 
Semenow ( B e i l s t e i n ’ s Handbook o f  O r g a n ic  C h e m is t r y ,  _I, 99) 
by b u b b l i n g  e t h y l e n e  t h r o u g h  an  aqueous  s o l u t i o n  o f  i o d i n e .
As a l a r g e - s c a l e  p r e p a r a t i v e  m e th od ,  t h i s  r e q u i r e s  a l m o s t  
u n l i m i t e d  s u p p l i e s  o f  e t h y l e n e .  No b e t t e r  m ethods  h ave  b een  
r e c o r d e d *  1 , 2 - D i b r o m o e t h a n e , hov/ever ,  i s  r e a d i l y  a v a i l a b l e ,  
and t h u s  t h i s  was t r e a t e d  i n  d i e t h y l  ( i ~ ) - t a r t r a t e  and b e n z e n e ,  
w i t h  s i l v e r  o x i d e .  The method o f  t r e a t m e n t  was i n  a c c o r d a n c e  
w i t h  t h a t  a d v i s e d  by L a n d e r  ( l o c .  c i t . ) ,  v i z . t h e  s i l v e r  o x id e  
was added t o  t h e  m i x t u r e  o f  t h e  r e a c t a n t s .  W ater  was a p p a r e n t l y
produced,  and i t  was thought  th a t  d e s p i t e  the  a s s e r t i o n  by
I t  m us t  be  c o n s i d e r e d  t h a t  t h e r e  m ig h t  be a number o f  
c o m p e t i t i v e  r e a c t i o n s  b e tw e e n  th e  above r e a c t a n t s .
( a )  I t  i s  known t h a t  o x i d a t i o n  o f  d i e t h y l  ( - j - ) - t a r t r a t e
by s i l v e r  o x id e  o c c u r s  w i t h  t h e  f o r m a t i o n  o f  a n o n - d i s t i l l a b l e  
p o l y m e r i c  m a t e r i a l  ( L a n d e r ,  l o c .  c i t .  ) .
(b )  The h y d r o l y s i s  o f  t h e  d i e t h y l  e s t e r  by m o i s t  s i l v e r  
o x id e  would p r o d u c e  th e  s i l v e r  s a l t .  T h i s  m ig h t  t h e n  be 
o x i d i s e d  by  t h e  s i l v e r  o x i d e ,  o r  r e - e s t e r i f i e d  by t h e  1 , 2 -
d i b r o m o e t h a n e , th e  l a t t e r  r e a c t i o n  p o s s i b l y  l e a d i n g  t o  a 
p o l y m e r i c  p r o d u c t :
The p r e s e n c e  o f  t h i s  second  hydroxy-com pound m ig h t  t h e n  l e a d  
to  a  second  c o u r s e  o f  r e a c t i o n s .
(d )  The c o n d e n s a t i o n  o f  t h e  1 , 2 - d i b r o m o e th a n e  by  s i l v e r  
o x id e  t o  fo rm  1 , 4 - d i o x a n .
d.
L a n d e r ,  \ irater  d i d  h ave  an  a v e r s e  e f f e c t  on t h e  r e q u i r e d  r e a c t i o n ;
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( c )  The s i l v e r  o x i d e  m ig h t  r e a c t  w i t h  w a t e r  and t h e  h a l i d e  |
t o  fo rm  an  a l c o h o l :
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( e )  The c o n d e n s a t i o n  o f  one m o le c u l e  o f  d i e t h y l  (-f)~
t a r t r a t e  and one m o le c u le  o f  1 , 2- d i b r o m o e th a n e  m ig h t  be in d uced
by s i l v e r  o x id e  and t h e  p r o d u c t  m ig h t  t h e n  c o n d ense  w i t h  one 
m o le c u l e  o f  d i e t h y l  ( 4 - ) - t a r t r a t e  and so on ,  w i t h  t h e  f o r m a t i o n  
o f  a n o t h e r  p o l y m e r i c  m a t e r i a l :
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I n  t h e  p r o d u c t i o n  o f  t h i s  m a t e r i a l ,  w a t e r  would  be p ro d u c e d  i n  
t h e  same m anner  a s  i n  ( f ) .
■(f) The c o n d e n s a t i o n  o f  one m o le c u l e  o f  d i e t h y l  {-+)- 
t a r t r a t e  w i t h  one m o le c u l e  o f  1 , 2 - d i b r o m o e th a n e  by  s i l v e r  
o x i d e ,  v i a  an  i n t e r m e d i a t e  s i l v e r  d e r i v a t i v e  o f  t h e  t a r t r a t e  
e s t e r ,  t o  fo rm  t h e  r e q u i r e d  p r o d u c t ,  s i l v e r  b ro m id e  and w a t e r .
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Which c o u r s e  o f  r e a c t i o n  i s  p r e f e r r e d  i s  n o t  c e r t a i n .  The 
a p p e a r a n c e  o f  w a t e r  would s u g g e s t  t h a t  t h e  i n t e r m e d i a t e  s i l v e r  
d e r i v a t i v e  was f o rm e d ,  b u t  t h i s  d i d  n o t  t h e n  r e a c t  w i t h  t h e
1 , 2 - d i b r o m o e t h a n e .  The a b s e n c e  o f  a l a r g e  amount o f  
n o n - d i s t i l l a b l e  r e s i d u e  i s  i n e x p l i c a b l e  a s  i t  was t h o u g h t  by.
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L a n d e r  t h a t  t h e  o x i d a t i o n  o f  d i e t h y l  ( 4 ) - t a r t r a t e  a lw a y s  
o c c u r r e d  and was o n l y  m in im is e d  by t h e  c o m p e ta t i v e  r e c t i v i t y  
o f  t h e  h a l o g e n o - compound. The s i n g l e  d i s t i l l a t e  was m ost  
p r o b a b l y  t h e  t a r t r a t e  e s t e r  (75$ r e c o v e r y ) .  1 , 2 -D ib ro m o e th an e  
( b . p .  3 3 ° /  18mm., n o t  r e c o v e r e d )  was removed i n  t h e  e a r l y  s t a g e s  
o f  t h e  r e d u c e d - p r e s s u r e  d i s t i l l a t i o n .  The i n o r g a n i c  r e s i d u e  
a p p e a r e d ,  b o t h  i n  c o l o u r  and t e x t u r e ,  to  be u n r e a c t e d  s i l v e r  
o x i d e .  The f a c t  t h a t  some d i e t h y l  ( + ) - t a r t r a t e  was n o t  
r e c o v e r e d ,  and a l s o  t h a t  w a t e r  was p r o d u c e d ,  i s  t h u s  t h e  o n ly  
e v i d e n c e  f o r  t h e  o c c u r r e n c e  o f  some r e a c t i o n .  What i s  c e r t a i n ,  
h o w ev er ,  i s  t h a t  1 , 2 - d i b r o m o e th a n e  was to o  i n e r t .
B e c a u se  1 , 2 - d i - i o d o e t h a n e  was n o t  a v a i l a b l e ,  1 , 3 -  
d i - i o d o p r o p a n e  was u se d  t o  t e s t  t h e  p o s s i b i l t y  o f  s i l v e r  o x id e  
and d i e t h y l  ( - f ) - t a r t r a t e  c o n d e n s in g  w i t h  a d i - i o d o a l k a n e  t o  
fo rm  a d i o x y - r i n g  compound, i n  t h i s  c a s e  d i e t h y l  1 , 4 - d i o x e p a n -
2 , 3 - d i c a r b o x y l a t e .
T h i s  E x p e r i m e n t a l  ( p .  7 3 ) ,  S e c t i o n  IB 
E x p e r im e n t  4 .
E x p t . Q u a n t i t i e s  o f
r e a c t a n t s  u sed
W eigh t  o f  
f r a c t i o n  
s i m i l a r  to  
d i e t h y l  (4-)~ 
t a r t r a t e
W eigh t  o f  
r e s i d u e
Weight  o f  
f r a c t i o n  
c o n t a i n i n g  
i o d i n e
( a ) 0 , 0 8  mole 1 1 . 7 g . unknown unknown
(b) 0 . 1 5  mole 6 . 6g . 4 . 8 g . 1 . 9 g .
(o) 0 . 3 9  mole 4 . 8 5 g . 1 . 8 g . 3 . 3 g .
(a ) 0 . 1 6  mole
....
1 3 . 2go 8 . 95g. 1 7 . Og.
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E x p e r i m e n t a l  c o n d i t i o n s  were v a r i e d  i n  each  c a s e .  S i l v e r  
o x i d e  was added i n  s m a l l  p o r t i o n s  t o  a  b e n ze n e  s o l u t i o n  o f  
r e a c t a n t s  i n  e x p e r i m e n t s  ( a )  and ( c ) (E x p e r im e n t  4 )  i n  th e  
p r e s c r i b e d  m a n n e r .  A c o m p a r i t i v e l y  e q u a l  amount o f  d i s t i l l a t e  
was o b t a i n e d  i n  e ach  c a s e  which  r e a s o n a b l y  c o r r e s p o n d e d  w i t h  
u n r e a c t e d  d i e t h y l  (-4 -)- t a r t r a t e ; t h e s e  f r a c t i o n s  were t h e  
l a r g e s t  c o l l e c t e d  i n  each  o f  t h e  e x p e r i m e n t s  (a ,  b ,  c ,  d ) .  I t  
was n o t e d  i n  e x p e r i m e n t  ( c )  t h a t  t h e  amount o f  u n d i s t i l l a b l e  
r e s i d u e  i s  c o m p a r i t i v e l y  e q u a l  to  t h a t  i n  ( d ) ,  i n  which  th e  
r e a c t a n t s  were  b o i l e d  u n d e r  r e f l u x  f o r  a l o n g e r  t i m e ,  and where  
t h e  s i l v e r  o x i d e  was i n i t i a l l y  s t i r r e d  w i t h  t h e  t a r t r a t e  e s t e r .
I n  e a c h  e x p e r i m e n t  a r e a c t i o n  was n o t e d .  On t r e a t i n g  t h e  
r e a c t a n t s ,  d i l u t e d  i n  b e n z e n e ,  i n  e x p e r i m e n t  ( a ) ,  a  g e n t l e  
e x o th e r m i c  r e a c t i o n  e n s u e d .  I n  e x p e r i m e n t  (d )  w a t e r  a l s o  
a p p e a r e d  i n  t h e  b e n z e n e  d i s t i l l a t e ,  and a l s o  some s i l v e r  o x id e  
was a p p a r e n t l y  r e d u c e d  t o  s i l v e r .  I n  e x p e r i m e n t s  ( c )  and ( b ) ,  
where  no s o l v e n t  was u s e d ,  a v i o l e n t  r e a c t i o n  o c c u r r e d  and i n  
t h e  c a s e  o f  ( b ) m os t  o f  t h e  p r o d u c t s  and r e a c t a n t s  'were l o s t  
by v o l a t i l i s a t i o n .
I n  e a c h  e x p e r i m e n t  t h e r e  was an i n i t i a l  d i s t i l l a t e  w i t h  
b . p .  s i m i l a r  t o  t h a t  o f  1 , 3 - d i - i o d o p r o p a n e ,  w h ic h ,  where  t e s t e d ,  
c o n t a i n e d  h a l o g e n .  Thus n o t  a l l  t h e  iodo-com pound r e a c t e d ,  and 
i n  some c a s e s  a l a r g e ,  b u t  n e v e r  q u a n t i t a t i v e  amount was 
r e c o v e r e d .
I n  e a c h  e x p e r i m e n t  t h e  a p p e a r a n c e  o f  t h e  i n o r g a n i c  r e s i d u e  
d i d  n o t  b e a r  any  r e s e m b l a n c e  t o  y e l l o w  s i l v e r  i o d i d e ,  though
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an e x c e s s  o f  s i l v e r  o x id e  was a lw ays  u s e d .
The s m a l l e s t  d i s t i l l a b l e  f r a c t i o n  i n  e ac h  e x p e r i m e n t  was 
th e  one t h a t  c o u ld  n o t  he r e a s o n a b l y  a c c o u n te d  f o r  a s  a 
r e a c t a n t ,  and Yrtiich m ig h t  c o n t a i n  t h e  r e q u i r e d  p r o d u c t .  H o w e v e r ,  
t h e  y i e l d  o f  t h i s  f r a c t i o n  w a s  p r o h i b i t i v e l y  s m a l l  b o t h  f o r  
i t s  a n a l y s i s  and i t s  u s e  i n  f u r t h e r  s y n t h e t i c  e x p e r i m e n t s  
s h o u l d  i t  have  p ro v e d  to  be t h e  d e s i r e d  m a t e r i a l .
An e x p e r i m e n t  on t h e  l i n e s  o f  t h a t  by R ey n o ld s  and Svans  
( l o c .  c i t .  ) was a t t e m p t e d  u s i n g  e t h y l e n e  g l y c o l ,  d i e t h y l  
( ± ) - l , 2 - d i b r o m o s u c c i n a t e , and s i l v e r  o x i d e  i n  a c e t o n e .  Here  
t h e  s i l v e r  r e s i d u e  had th e  a p p e a r a n c e  o f  s i l v e r  i o d i d e ,  b u t  
t h e  r e c o v e r y  o f  a l a r g e  amount o f  t h e  s u c c i n a t e  e s t e r  
e l i m i n a t e d  t h i s  a s  a r e a s o n a b l e  method f o r  t h e  p r e p a r a t i o n  o f  
t h e  r e q u i r e d  compound.
Method o f  W i l l i a m s o n ,  a p p l i c a t i o n ,  u s i n g  m onoha logeno-  
compounds.
The W i l l i a m s o n  t y p e  o f  e t h e r  s y n t h e s i s  was once  a g a i n  
a t t e m p t e d  w i t h  th e  i n t e n d e d  s y n t h e s i s  o f  a  d i e t h e r  f rom  
e t h y l e n e  g l y c o l  v i a  i t s  d i s o d i o - d e r i v a t i v e , t h i s  d i e t h e r  b e i n g
be
an o p e n - c h a i n  compound. T h i s  m ig h t  t h e n ^ c y c l i s e d  t o  fo rm
2 , 3 - d i o a r b o x y - l , 4 - d i o x a n  ( I ) .
CHpOCH: ( C 0 2 CpH5 ) ?j
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CHgO . C(Na ): (COgCgHgJg 
CHgO . C (Na): (G02C2H5 )2
( V I I )
! ( i )  h y d r o l y s i s
( i i  ) d e c a r b o x y l a t i o n
The compound t e t r a e t h y l  b i s ( m e t h y l e n e o x y m a l o n a t e ) ( V I ) ,  vdiich 
i s  unknown, m ig h t  he  c y c l i s e d  by th e  u s e  o f  i o d i n e  and t h e  
d i s o d i o - d e r i v a t i v e , so f o r m in g  (V I I )  ~by a method s i m i l a r  to  
t h a t  u s e d  f o r  t h e  p r e p a r a t i o n  o f  t e t r a e t h y l  
e t h a n e t e t r a c a r b o x y l a t e  by B i s c h o f f  and Rach (B e r . ,  1884 ,  17 ,  
2 7 8 1 ) ;  ( V I I )  m ig h t  t h e n  be h y d r o l y s e d  and d e c a r b o x y l a t e d  i n  
th e  n o rm a l  way (V o i l e t ,  M a rv e l  and H su eh ,  Q r g . S y n . ,  C o l l .  V o l .  
I I ,  p .  4 1 6 ) .
T h i s  me-thod, had i t  b e e n  s u c c e s s f u l ,  Ytfould r e p r e s e n t  an  
a p p l i c a t i o n  o f  t h a t  o u t l i n e d  i n  t h e  D i s c u s s i o n  (p .  2 2 ) ,  i n  
which t h e  r e a c t a n t  u n d e r g o i n g  r i n g - c l o s u r e  t o  g i v e  th e  
d i s u b s t i t u t e d  d i o x a n  would n o t  be an o ( - h a l o g e n o - e t h e r .
F o r  t h i s  a t t e m p t e d  s y n t h e s i s  o f  ( I )  a  s e t  o f  t h r e e  
e x p e r i m e n t s  were  p e r f o r m e d .  From t h e  f i r s t  o n l y  one d i s t i l l a b l e  
f r a c t i o n  was c o l l e c t e d  which  d i d  n o t  c o n t a i n  b r o m in e ,  and f rom  
t h i s  a  c r y s t a l l i n e  s o l i d ,  m .p .  5 4 . 5 - 5 5 . 0 ° ,  was i s o l a t e d .  T h i s  
s o l i d  was o b t a i n e d  f rom  th e  o t h e r  two e x p e r i m e n t s  i n  th e  
same y i e l d ,  t h o u g h  t h e  c o n d i t i o n s  were  v a r i e d .  I n  t h e  second
e x p e r i m e n t  th e  d i s o d i o - d e r i v a t i v e  o f  e t h y l e n e  g l y c o l  was 
i s o l a t e d  b e f o r e  t r e a t m e n t  w i t h  t h e  h a l o g e n o - compound, and i n  
t h e  t h i r d ,  t h e  m i x t u r e  o f  t h e  r e a c t a n t s  a s  i n  th e  s e c o n d ,  was j 
h o t  b o i l e d  u n d e r  r e f l u x .  The c r y s t a l l i n e  s o l i d  was found  to  
be U n s a t u r a t e d ,  t o  have  m .p .  o f  t e t r a e t h y l
e t h y l e n e t e t r a c a r b o x y l a t e  (C a rs o n ,  Hazen and Thomas, J .  Amer.
Chem. S o c . , 1928 ,  50, 9 1 3 ) ,  and t o  g iv e  a s a t i s f a c t o r y  
u l t i m a t e  a n a l y s i s  f o r  t h i s  s u b s t a n c e .
The f i n a l  e x p e r i m e n t  i n  t h i s  s e c t i o n  was i n c i d e n t a l  to  
t h o s e  f o r  t h e  p r e p a r a t i o n  o f  t h e  r e q u i r e d  ( I ) ,  and was s o l e l y  ! 
c o n ce rn e d  w i t h  t h e  p o s s i b i l i t y  o f  fo r m in g  a d i e t h e r  o f  e t h y l e n e  i  
g l y c o l  f ro m  i t s  d i s o d i o - d e r i v a t i v e  and e t h y l  c h l o r o a c e t a t e .
A ga in  t h e r e  was no e v i d e n c e  t h a t  such an e t h e r  had  be en  j
p r e p a r e d  and i t  was n o t e d  t h a t  some o f  t h e  e s t e r  was r e t u r n e d  
unchanged  t o g e t h e r  w i t h  an  u n d i s t i l l a b l e  r e s i d u e .
A r e a c t i o n  h a s  a l s o  b e e n  a t t e m p t e d  b e tw e e n  e ' th y le n e  g l y c o l , :  
sodium, and ( l b ) ~ l , 2 - d i c h l o r o s u c c i n i c  a c i d ,  i n  d i e t h y l  c a r b o n a t e , ;  
f o l l o w i n g  th e  same e x p e r i m e n t a l  c o n d i t i o n s  (Fuson and W ojc ik ,  
l o c . c i t . ) .  However t h e  o n ly  p r o d u c t  i s o l a t e d  ( e t h e r  e x t r a c t i o n , :  
1 . 4 g .  f ro m  1 8 g .  o f  a c i d )  was a  h a l o g e n - f r e e  gum t h a t  d i d  n o t  
c r y s t a l l i s e d ,  d u r i n g  IS  m o n th s ,  (Dr.  C o r t ,  p e r s o n a l  
c o m m u n i c a t i o n . ) .
A t t e m p te d  p r e p a r a t i o n  o f  2 , 5 - d i p h e n y l - l , 4 - d i o x a n  u s i n g  
o s s - 1 , 2 - d i p h e n y l e t h y l e n e  g l y c o l .
H a v in g  f a i l e d  t o  p r e p a r e  t h e  r e q u i r e d  2 , 3 - d i c a r b o x y - l , 4 -  
d i o x a n ,  t h e  p r e p a r a t i o n  o f  a  known compound, n am e ly ,
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2 , 3 - d i p h e n y l - l , 4 ~ d i o x a n ,  by some o f  t h e  m ethods  p r e v i o u s l y  
d e s c r i b e d ,  was a t t e m p t e d  i n  o r d e r  t o  a s s e s s  t h e s e  m ethods  
w i t h  more a s s u r a n c e ,  2 , 3 - D i p h e n y l - l , 4 - d i o x a n  h a s  b e en  p r e p a r e d  
by Suramerbell  and B ryan  (J » Amer. Chem. So c , ,  1935,  57,  2364, 
and u se d  by Sum m erbe l l  and B e r g ,  i b i d . , 1959 ,  81 ,  635;  t h e  
c i s - i s o m e r , m .p ,  1 3 6 ° ,  and t h e  t r a n s - i s o m e r ,  m .p .  4 S ° ) f rom 
t r a n s - 2 , 3 - d i c h l o r o - 1 , 4 - d i o x a n  and pheny lm agnes ium  b ro m id e .
The same p ro b le m s  o f  e t h e r  s y n t h e s i s  a g a i n  a r o s e ,  and
t h e  m e th o d s  so f a r  t r i e d  were'  a p p l i e d ,  t o g e t h e r  w i t h  an
tv)
i n o v a t i o n ,  u s i n g  bsys- l ,  2 - d i p h e n y l e t h y l e n e  g l y c o l  a s  t h e  
h ydroxy-com pound .
(0The su p po sed  d i s o d i o - d e r i v a t i v e  o f  h ^ s - 1 , 2 - d i p h e n y l e t h y l e n e  
g l y c o l  was p r e p a r e d  and t r e a t e d  i n  s i t u  w i t h  1 , 2 -d  ibromoe t h a n e  
The o n l y  e t h e r - s o l u b l e  m a t e r i a l  r e c o v e r e d  f rom  t h e  r e a c t i o n  
m i x t u r e  was u n ch ang ed  g l y c o l .
Where i t  was f e l t ,  i n  t h e s e  e x p e r i m e n t s ,  t h a t  t h e  1 , 2 -  
d ib r o m o e th a n e  was to o  i n e r t  a  r e a c t a n t ,  t h e  s u b s t i t u t i o n  o f  
th e  d i~ io d o -c o m p o u n d  f o r  th e  d ib r o m o -  was n o t  p o s s i b l e  b e c a u s e  
o f  t h e  n o n - a v a i l a b i l i t y  o f  t h e  f o r m e r .  Once a g a i n ,  1 , 3 -  
d i - i o d o p r o p a n e  was u s e d ;  t h i s ,  o f  c o u r s e ,  would l e a d  t o  t h e  
a n a l a g o u s  d i o x e p a n .  No?/ 2 , 3 - d i p h e n y l - l , 4 - d i o x e p a n  i s  n o t  y e t  
known, b u t  i t  w i l l  p r o b a b l y  be a s o l i d  r e s e m b l i n g  t h e  d i o x a n  
d e r i v a t i v e  i n  c h e m ic a l  and p h y s i c a l  p r o p e r t i e s .
The e l i m i n a t i o n  o f  h y d r o g e n  and i o d i n e  was f i r s t  a t t e m p t e d  
by t h e  p r e p a r a t i o n  o f  t h e  d i s o d i o - d e r i v a t i v e  o f  t h e  g l y c o l ,  
and i t s  r e a c t i o n  i n  s i t u  w i t h  1 , 3 - d i - i o d o p r o p a n e . S t a r t i n g
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m a t e r i a l ,  o n l y ,  was r e c o v e r e d .
■With th e  u s e  o f  s i l v e r  o x id e  a s  a c o n d e n s in g  a g e n t  f o r  
h y d ro g e n  h a l i d e  b e tw een  t h e  same r e a c t a n t s ,  w a t e r  was a g a i n  
p r o d u c e d ,  t o g e t h e r  w i t h  b e n z a l d e h y d e , a d i s t i l l a b l e  f r a c t i o n ,  
a l a r g e  u n d i s t i l l a b l e  r e s i d u e  and a r e t u r n  o f  t h e  g l y c o l .  The 
p r e s e n c e  o f  b e n z a ld e h y d e  was  i n d i c a t i v e  t h a t  t h e  g y l c o l  was 
o x i d i s e d  by t h e  s i l v e r  o x i d e .  T ha t  w a t e r  was p ro d u ce d  and t h a t  
a s m a l l  amount o f  t h e  g l y c o l  was r e t u r n e d  a f t e r  d e c o m p o s i t i o n  
o f  t h e  s i l v e r  r e s i d u e ,  was i n d i c a t i v e  o f  t h e  f o r m a t i o n  o f  a 
s i l v e r  d e r i v a t i v e  o f  t h e  g l y c o l .  I t  c a n n o t  be  d e c i d e d  w h e th e r  
any o f  t h i s  d e r i v a t i v e  had r e a c t e d  w i t h  t h e  1 , 3 - d i - i o d o p r o p a n e , 
s i n c e  none o f  t h e  iodo-com pound was r e c o v e r e d  and an 
u n i d e n t i f i e d  d i s t i l l a t e  was c o l l e c t e d  w hich  d i d  n o t  s o l i d i f y ,  
n e i t h e r  d i d  i t  y i e l d  a  s o l i d  d e r i v a t i v e  on a t t e m p t e d  n i t r a t i o n .
As an  a g e n t  f o r  t h e  e l i m i n a t i o n  o f  h y d ro g e n  b rom id e  f rom
(l)Cqjs- l , 2- d i p h e n y l e t h y l e n e  g l y c o l  and 1 , 2 - d i b r o m o e t h a n e , 
p y r i d i n e  was  u s e d ,  and a l t h o u g h  an  e x o th e r m i c  r e a c t i o n  was 
n o t e d ,  t h e  g l y c o l  was r e c o v e r e d  i n  a lm o s t  q u a n t i t a t i v e  amount .  
T h i s  m ig h t  h ave  b e e n  due t o  t h e  s t a b i l i t y  o f  t h e  a d d i t i o n  
compound o f  1 , 2 - d i b r o m o e th a n e  and p y r i d i n e  (B aer  and P r e s c o t t ,  
i b i d . , 1896,  18 ,  9 8 9 ) .
The c o n c l u s i o n  f rom  t h e s e  e x p e r i m e n t s  i s  t h a t  t h e  s y n t h e s i s  
o f  t h e  e t h e r s  i s  n o t  p o s s i b l e  u s i n g  th e  d i s o d i o - d e r i v a t i v e  
o f  t h e  g l y c o l ,  o r  p y r i d i n e  and th e  g l y c o l ,  w i t h  t h e  h a l o g e n o -  
compound. When s i l v e r  o x i d e  was u s e d  w i t h  t h e  d i - i o d o - c o m p o u n d , 
t h e  f a c t  t h a t  a low y i e l d  o n ly  o f  m a t e r i a l  which may have  b e e n
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t h e  h o p e d - f o r  p r o d u c t  was o b t a i n e d ,  s u g g e s t s  t h a t  t h e  y i e l d  
f rom  t h e  d ibromo-compound would have  b e en  so s m a l l  a s  to  have  
b een  u n w o r k a b le .
An a t t e m p t  to  p r e p a r e  2 , 3 - d i p h e n y l - l , 4 - & i o x e p - 2 - e n e  was 
made u s i n g  th e  e x t r e m e l y  a c t i v e  d i p o t a s s i u m  d e r i v a t i v e  o f
l , 2 - d i p h e n y l e t h y l e n e - l , 2 - d i o l  ( r e p o r t e d  by S c h e u in g  and H e n s l e ,  
Ann. , 1924,  4 4 0 , 72)  and 1 , 3 - d i - i o d o p r o p a n e * T h i s  gave  a 
s m a l l  d i s t i l l a b l e  f r a c t i o n  and a r e s i d u e ,  b o t h  o f  w hich  gave 
t e s t s  f o r  u n s a t u r a t i o n ,  and an i n o r g a n i c  r e s i d u e  ( l a r g e l y  
p o t a s s i u m  i o d i d e )  which  was i n  e x c e s s  o f  t h e  t h e o r e t i c a l  
amount .  From th e  l a t t e r  b e n z o i c  a c i d  was i s o l a t e d ,  showing 
some o x i d a t i o n  o f  t h e  d i p o t a s s i u m  d e r i v a t i v e .
I n  o r d e r  to  t e s t  t h e  p o s s i b i l i t y  t h a t  t h e  d i s t i l l a t e  m ig h t  
have  b e e n  t h e  t h e  r e q u i r e d  o l e f i n ,  o z o n o l y s i s  o f  i t  was 
a t t e m p t e d ,  b u t  no s o l i d  p r o d u c t  c o u ld  be  o b t a i n e d .  The e x p e c t e d  
p r o d u c t ,  t h e  d i b e n z o a t e  o f  t r i m e t h y l e n e  g l y c o l  ( V I I I )  h a s  m .p .  
5 7 . 5 0 . [a s i m i l a r  s u c c e s s f u l  o z o n o l y s i s  o f  O - t e t r a m e t h y l - ( - ) -  
a s c o r b i c  a c i d  h a s  b e e n  r e p o r t e d  ( H e r b e r t ,  H i r s t ,  P e r c i v a l ,  
R e y n o ld s  and S m i th ,  J . ,  1933,  1270 ) J
H i . C 7 H h o
}  0 / CH2
Ph .C  fiHo/  fj
( V I I I )
Use o f  t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n .
I n  t h e  second  a p p ro a c h  s u g g e s t e d  ( t h i s  D i s c u s s i o n  p .  22) 
f o r  t h e  p r e p a r a t i o n  o f  2 , 3 - d i c a r b o x y - l , 4 - d i o x a n ,  t h e  o b v io u s  
s t a r t i n g  m a t e r i a l  i s  t h e  r e a d i l y  a c c e s s i b l e  t r a n s - 2 , 5 - d i c h l o r o ~
1 , 4 - d i o x a n .
The e x p e r i m e n t s  a t t e m p t e d  ?/ere w i t h  a v iew t o  t h e  
p r e p a r a t i o n  o f  2 , 3 - b i s ( c a r b e t h o x y m e t h y l ) - l , 1 - d i o x a n  ( IX ) ,
u s i n g  d i e t h y l  m a l o n a t e  o r  d i e t h y l  s o d i o m a l o n a t e  w i t h  t r a n s -
2 , 3 - d i c h l o r o - l , 4 - d i o x a n .  I n  t h e  f i r s t  c a s e  (B=H) i t  was t h o u g h t  [ 
t h a t  t h e  l a b i l e  h y d r o g e n  m ig h t  c o n d en se  o u t  a s  h y d r o g e n  c h l o r i d e ,  
T h i s  was found  n o t  t o  be t h e  c a s e ,  and a l s o  t h e  u s e  o f  p y r i d i n e  
t o  f a c i l i t a t e  t h i s  c o n d e n s a t i o n  was u n s u c c e s s f u l .  I n  t h e  
seco n d  c a s e  (R=Na) two e x p e r i m e n t s  were p e r fo rm e d  u s i n g
C H : ( C 0 2 CgH5 ) 2
C H : ( ° ° 2 C2 H5 > 2
\  ( i )  h y d r o l y s i s
\ ^ ( i i )  d e c a r b o x y l a t i o n-2HC1, 
o r  -2N aC l)
+  2 C H ( R ) :  ( CO^CoHp.)
o x i d a t i o n
( I )
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d i e t h y l  s o d i o m a l o n a t e , f i r s t  i n  an  e t h a n o l i c  s o l u t i o n ,  and 
second  i n  a d i e t h y l  c a r b o n a t e  s o l u t i o n .  The u s e  o f  t h e  l a t t e r  
s o l v e n t  was p r e f e r a b l e  owing t o  t h e  e q u i l i b r i u m  b e tw e e n  
d i e t h y l  s o d i o m a l o n a t e  and e t h a n o l ,
t h e  e q u i l i b r i u m  p o i n t  o f  which  l i e s  t o  t h e  l e f t - h a n d  s i d e .
Thus t h e  sodium e t h o x i d e  p ro d u c e d  m ig h t  r e a c t  p r e f e r e n t i a l l y  
w i t h  t h e  h a lo g e n o -c o m p o u n d .
From b o t h  e x p e r i m e n t s ,  a l a r g e  amount o f  u n d i s t i l l a b l e , 
d a r k  c o l o u r e d  t a r  was p ro d u c e d  t o g e t h e r  w i t h  a  s o l i d  (p re s u m e a b ly  
sodium c h l o r i d e )  w h ich  was i n s o l u b l e  i n  t h e  r e a c t i o n  s o l v e n t .
T h i s  s u g g e s t e d  t h a t  t h e  p r i n c i p a l  r e a c t i o n  l e a d s  t o  t h e  
f o r m a t i o n  o f  1 , 4 - d i o x - 2 - e n e  ( o r  a  d e r i v a t i v e )  which  p o l y m e r i s e s .  
The r e a c t i o n  may b e :
(B
I n  b o t h  e x p e r i m e n t s  d i s t i l l a b l e  f r a c t i o n s  were  o b t a i n e d  which 
were  a l m o s t  c e r t a i n l y ,  d i e t h y l  m a l o n a t e .
NaOCoH
(/ 0 ' N c i
H- NaCl
Cl
v
I) n o l v m e r i^ e  sEH ■+ UaCl {--------  HQ1 +
i
b l a c k  t a r
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C o n c l u s i o n .
' The c o n c l u s i o n  t h a t  may he drawn f rom  t h i s  work i s  t h a t  
t h e  known m e th o d s  f o r  t h e  s y n t h e s i s  o f  e t h e r s  c a n n o t  be a p p l i e d  
w i t h  s u c c e s s  t o  t h e  p ro b lem  o f  t h e  s y n t h e s i s  o f  2 , 3 -  
d i s u b s t i t u t e d - l , 4 - d i o x a n s  o r  t h e  1 , 4 - d i o x e p a n  a n a l o g u e s .
The f a i l u r e  o f  t r a n s - 2 , 3 - d i c h l o r o - 1 , 4 - d i o x a n  t o  r e a c t  i n  
t h e  e x p e c t e d  manner  w i t h  m a lo n ic  e s t e r ,  o r  t h e  m o n o so d io -  
d e r i v a t i v e  t h e r e o f ,  c o n f i r m s  t h a t  a much more d e t a i l e d  s t u d y  
o f  t h e  c h e m i s t r y  o f  t h e  d ic h lo r o - c o m p o u n d  s h o u ld  be u n d e r t a k e n .
l
-4-6- 
F a r t  I I :
The c h e m i s t r y  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n .
S u g g e s t e d  r e a c t i o n s .
I t  was t h o u g h t  f e a s i b l e  t h a t ,  a n a l a g o u s  t o  t h e  c h l o r i n a t i o n  
o f  1 , 4 - d i o x a n ,  t r a n s - 2 , 3 - d i c h l o r o - S , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  
(X) m ig h t  be  o b t a i n e d  f rom  t h e  c h l o r i n a t i o n  o f  t r a n s - 2 , 5 -  
e t h y l e n e d i o x y - 1 , 4 - d i o x a n  (IV)* The c h e m i s t r y  o f  (X) c o u ld  t h e n  
be compared w i t h  t h a t  o f  t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  ( I I ) ,  
w i t h  a v iew  t o  e l u c i d a t i n g  t h e  complex r e a c t i o n s  o f  t h e  l a t t e r  
compound. Compound (X) m ig h t  a l s o  be d e h a l o g e n a t e d  to
2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x - 2 - e n e  from  w h ic h ,  on o z o n o l y s i s ,  
m ig h t  be o b t a i n e d  t h e  unknown c y c l i c  d i e t h y l e n e  d i c a r b o n a t e  (XI)  
t h i s  p r o v i d i n g  a  c h e m ic a l  p r o o f  o f  t h e  s t r u c t u r e  f o r  ( I V ) ,  ;and ' 
f ro m  which  a l s o  on s t e r s o s p e c i f i c  c a t a l y t i c  h y d r o g e n a t i o n ,  
m ig h t  be o b t a i n e d  t h e  unknovm c i s - 2 , 5 - e t h y l e n e d i o x y - 1 , 4 - d i o x a n  
( X I I ) .
Cl0
d e h a l o g e n a t i o n
s t e r e o s p e c i f i c
h y d r o g e n a t i o n  I .
■a
(XI)
o z o n o l y s i s
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F r e p a r a t i o n .
Two p r e p a r a t i o n s ,  which  had  b e e n  p r e v i o u s l y  r e p o r t e d
¥¥(B oeseken ,  T e l l e g e n  and H e n r i q u e z ,  lo o »  c i t . ,  p .  13;  P a a s s  
and H i l g e r t ,  l o c B c i t . , p .  I S ) ,  were r e p e a t e d .
I n  t h e  fo rm er ,  i t  was found  t h a t  c a rb o n  t e t r a c h l o r i d e  was 
a  b e t t e r  medium f o r  t h e  r e c r y s t a l l i s a t i o n  o f  ( IV) f rom  th e  
m i x t u r e  o f  p r o d u c t s .  With  r e s p e c t  t o  t h e  l a t t e r  m e th o d ,  t h e  
a u t h o r s  d e s c r i b e d  a s m a l l - s c a l e  e x p e r i m e n t  i n  w hich  thejr u se d  
e t h e r  a s  t h e  e x t r a c t i o n  s o l v e n t .  T h i s  was fo un d  t o  be 
i m p r a c t i c a b l e  on a l a r g e  s c a l e  owing t o  t h e  l i m i t e d  s o l u b i l i t y  
o f  (IV) i n  t h i s  s o l v e n t .  Thus c h l o r o f o r m ,  i n  w hich  (IV) i s  
v e r y  s o l u b l e ,  was u s e d ,  b u t  a s m a l l e r  p e r c e n t a g e  y i e l d  was 
o b t a i n e d  t h a n  r e p o r t e d  by  F a a s s  and H i l g e r t .
Two n o v e l  p r e p a r a t i o n s  were a t t e m p t e d .  The f i r s t ,  by 
t r e a t m e n t  o f  t h e  d i s o d i o - d e r i v a t i v e  o f  e t h y l e n e  g l y c o l  w i t h  
t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  i n  e t h e r ,  r e s u l t e d  i n  a  r e t u r n  
o f  a  l a r g e  p r o p o r t i o n  o f  ( I I ) .  T h i s  i s  i n e x p l i c a b l e  w i t h  
r e s p e c t  t o  t h e  g e n e r a l  r e a c t i o n s  o f  t h i s  compound ( I n t r o d u c t i o n  
p . 1 6 ) .  The s e c o n d ,  an  a t t e m p t  a t  t h e  c h l o r i n a t i o n  o f  1 , 4 -  
d i o x a n  i n  th e  p r e s e n c e  o f  e t h y l e n e  g l y c o l ,  d i d  n o t  f u r n i s h  a 
s o l i d  p r o d u c t .  The r e a s o n  f o r  t h i s  i s  t h a t ,  p r o b a b l y ,  t h e  
c h l o r i n e  p r e f e r e n t i a l l y  r e a c t e d  w i t h  t h e  e t h y l e n e  g l y c o l .
S e p a r a t i o n  o f  t h e  e u t e c h , t i c  m i x t u r e  f rom  t h e  f i r s t  
p r e p a r a t i o n  i n t o  i t s  two i s o m e r s  ( t r a n s - 2 , 5 - e t h y l e n e d i o x y -
1 , 4 - d i o x a n  and M £ - 2 , 2 ’ - ( l , 3 - d i o x o l a n ) ) was p a r t l y  e f f e c t e d  
by f r a c t i o n a l  r e c r y s t a l l i s a t i o n ,  g i v i n g  a c c e s s  t o  ( IV) o n l y .
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T here  was no s e p a r a t i o n  by s u b l i m a t i o n .  The p r o d u c t  ( IV)  was 
fo u nd  t o  be s o l u b l e  i n  w a t e r ,  and u n a f f e c t e d  by h e a t i n g  u n d e r  
r e f l u x  w i t h  a l k a l i  i n  w a t e r  and i n  e t h a n o l .
C h l o r i n a t i o n .
A s e r i e s  o f  e x p e r i m e n t s  were  c a r r i e d  o u t  i n  o r d e r  to  
c h l o r i n a t e  ( I V ) ,  t o  g i v e  (X) ( CgHgO^Clg) • The c o n d i t i o n s  f o r  
t h e  c h l o r i n a t i o n  were v a r i e d ,  and i t  was fo u n d  t h a t  m o l t e n  
(IV) r e a c t e d  w i t h  c h l o r i n e  g a s  f a r  more e a s i l y  when a  c r y s t a l  
o f  i o d i n e  was p r e s e n t .
T h i s  E x p e r i m e n t a l  (p .  99 ) ,  P a r t  I I  
E x p e r im e n t  8 .
E x p t .
( a )
( b )
( e )
W eig h t  
o f  ( IV)
9 .  6g .
2 0 . 9g .
8 3 . 6g.
t e m p e r a t u r e  
o f  r e a c t i o n
140'
1 5 0 -1 2 0 °
1 4 1 -1 2 2 °
108 o
t im e  o f  
c h l o r i n a t i o n
5 h o u r s
16 h o u r s
5 h o u r s
25 h o u r s
W i th o u t  i o d i n e .
A s i n g l e  d i s t i l l a b l e  
f r a c t i o n -  c o n t a i n i n g  
C l .
V / i thou t  i o d i n o .  '
A d i s t i l l a b l e  
f r a c t i o n ,  p a r t l y  
c r y s t a l l i s e d ;  Cl j 
c o n t e n t  c o r r e c t  f o r
C6H8 ° 4 CV
W ith o u t  i o d i n e .
The m i x t u r e  
i n c r e a s e d  i n  w e i g h t  
by o n l y  5g.
'With i o d i n e .  
I n c r e a s e d  r e a c t i o n  
r a t e ;  a  p r o d u c t  m .p .  
3 9 - 4 0 ° ,  Cl c o n t e n t  
c o r r e c t ;  d i d  n o t  
g i v e  g l y o x a l  on 
h y d r o l y s i s .
•49-
( a ) 1 X 4 . 5g. 1 4 0 -1 1 0 ° S2-J- h o u r s W ith  i o d i n e .
The s o l i d  p r o d u c t ,
m .p .  39-40  ,
c o n t a i n e d  c o r r e c t
% c h l o r i n e .
I n f r a - r e d  s p e c t r u m
r e c o r d e d .
Til e p r o d u c t s  o f  c h l o r i n a t i o n  were  complex m i x t u r e s .  Of th e  
p o s s i b l e  d i c h l o r o - d e r i v a t i v e s  o f  ( I V ) ,  which  m ig h t  be  o b t a i n e d ,  
o n l y  t h e  2 , 3 - i s o m e r  ( i )  a f t e r  h y d r o l y s i s ,  i s  c a p a b l e  o f  g i v i n g  
p r o d u c t s  which  would n o t  be a l d e h y d i c  i n  n a t u r e .
Cl
'° > V
CHgOH C 02H
( i )
a c i d
h y d r o l y s i s  
Cl 4- 4TigO
2 | h- :
CHo 0H ' COJH
2HC1
( i i  )
/ '
0, ■ C l
N - C l
 0 1
u u -f-2Hg°
CHpOH HOC
I -l- 2 ! 
c h 2 o h  h c o
+- 2HC1
T' Cl
"ho - ^
4 2H o 0
OCH HCO
,.\ 2. ! -J- j
J 6 h 2 o h ' h c o
2IIC1
( i v )
Cl
CHgOH HCO HCO
CHgOH ciiOgH
-+ i 4-
CHgOH
2HC1
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( v )  C l CHpOH CO o il  HCO
I + 1 + 1
c h 2 o h  HCO c h 2 o h
3HgO
( v i )  " CHpOH HC
^  2 ) ■ +■ i
O
~h ' 2KC1
OCH HCO
+  2HgO
( v i i ) /
.0.
CHpOH HCO HCO
j. .4 - j 4 - | f- 2HC1
CHo0H ' HCO CHo0H 2 2
/
+  3 H 2 0
T h e r e f o r e  t h e  h y d r o l y s i s  p r o d u c t s  f rom  t h e  d i c h l o r o -  
f r a c t i o n s  Y/ere t e s t e d  w i t h  B r a d y ’ s  r e a g e n t ,  and i t  was found  
t h a t  a l l  y i e l d e d  g r e a t e r  o r  s m a l l e r  amounts  o f  2 , 4 -  
d i n i t r o p h e n y l h y d r a z o n e s . N e v e r t h e l e s s  t h e r e  was i s o l a t e d  a 
compound, m .p .  3 9 - 4 0 ° ,  ( X I I )  Yrhich d i d  n o t ,  on h y d r o l y s i s , g iv e  
an a l d e h y d i c  p r o d u c t ,  and Y/hich gave  t h e  c o r r e c t  u l t i m a t e  
a n a l y s i s  f o r  C g ^ O ^ C lp .
I t  i s  e x p e c t e d  t h a t  a  compound o f  t h e  s t r u c t u r e  o f  (X) 
would u n d e rg o  a B i n k e l s t e i n  r e a c t i o n  YJith sod ium  i o d i d e  i n  
a c e t o n e  t o  y i e l d  an  o l e f i n  ( F i n k e l s t e i n ,  B e r . ,  1910 ,  43 ,  1528)* 
However,  t h e  compound ( X I I )  was r e c o v e r e d  f ro m  su c h  an 
e x p e r i m e n t ,  and  t h e r e  was no s i g n  o f  r e a c t i o n .  The compound 
a l s o  d i d  n o t  r e a c t  Y7hen t r e a t e d  w i t h  magnesium and i o d i n e  i n  
e t h e r ;  t h i s  m ethod was u s e d  f o r  t h e  p r e p a r a t i o n  o f  1 , 4 - d i o x -  
2 -ene  f rom  t r a n s - 2 , 3 - d i c h l o r o - l , 4 - d i o x a n  by Sum m erbe l l  and
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I M i o e f f e r  (J .  Amer. Chem. S o o . , 1939,  61, 3 0 1 9 ) .  Thus i t  was 
e v i d e n t  t h a t  t h e  p r o d u c t  ( X I I )  d i d  n o t  have  t h e  e x p e c t e d  
s t r u c t u r e  (X).
E x a m in a t io n  o f  t h e  i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  (X I I )  
i n  c a r b o n  d i s u l p h i d e  r e v e a l e d  s t r o n g  s e l e c t i v e  a b s o r p t i o n  a t  
1774 and 1747 cm ."^ ;  t h i s  a b s o r p t i o n  was n o t  shown by (IV) 
i n  c a rb o n  d i s u l p h i d e .  A b s o r p t i o n  i n  t h i s  r e g i o n  i s  g e n e r a l l y  
a s s o c i a t e d  w i t h  0=0 , and i n  p a r t i c u l a r  w i t h  t h e  C«0 a b s o r p t i o n  
o f  s a t u r a t e d  e s t e r s  a t  1735-1750  cm.”"-3- (Thompson and T o r k i n g t o n ,  
I . ,  1945 ,  6 4 0 ) .  T h i s  s u g g e s t e d  t h a t  a r e a r r a n g e m e n t  r e a c t i o n  
o f  (X) had  o c c u r r e d  t o  g i v e  an  e s t e r .  By a n a l o g y  w i t h  t h e  
known r e a r r a n g e m e n t  o f  2 , 2 , 3 , 3 - t e t r a c h l o r o - l , 4 - d i o x a n  t o  
( 2 ~ c h l o r o e t h o x y ) - d i c h l o r o a e e t y l  c h l o r i d e  (Sumraerbel l  and B e r g e r ,  
J .  Amer. Chem. S o c . ,  1957,  7 9 , 6 5 0 4 ) ,  i t  seemed n o t  u n l i k e l y
t r a n s - 2 , 3 - d i c h l o r o - 2 , 3 - e t h y l e n e d i o x y - l , 4 ~ d i o x a n  (X) 
c o u ld  r e a r r a n g e  to  g i v e  d i ( 2 - c h l o r o e t h y l ) o x a l a t e .  The 
r e p o r t e d  m .p .  o f  t h i s  e s t e r  j_Conta rd i  and E r c o l i ,  I n t .  C ongr .  
Chem. ( M a d r i d ) . ,  1934,  _5, 163;  Chem.Abs. , 1937 ,  31 ,  1764 j 
c o r r e s p o n d e d  w i t h  t h a t  o b t a i n e d : f o r  ( X I I ) ;  a c c o r d i n g l y  t h e  
a u t h e n t i c  e s t e r  was p r e p a r e d  f o r  d i r e c t  c o m p a r i s o n .  The two 
compounds Yfere fo u nd  t o  be  i d e n t i c a l ;  t h e  mixed m .p .  showed 
no d e p r e s s i o n  and t h e  i n f r a - r e d  a b s o r p t i o n  s p e c t r a  (b o th  i n  
c a r b o n  d i s u l p h i d e )  were  i d e n t i c a l .  D i b u t y l  o x a l a t e  shows 
a b s o r p t i o n  a t  1746 c m . !(Hampton and N e w e l l ,  A n a l y t .  Chem., 
1949 ,  21, 9 1 4 ) ’| .
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K e t a l s  and a c e t a l s  sho?/ a b s o r p t i o n  a t  1 1 5 3 -1 1 90 ,  1124-
i ■ is
43, 1063-98  and 1033-56  cm, x w h ich  -aa?e a t t r i b u t e d  to  
c a r b o n - o x y g e n  bond s t r e t c h i n g ;  a  f u r t h e r  band a t  1110  cm*~1 
a p p e a r s  o n l y  i n  t h e  s p e c t r a  o f  a c e t a l s  (Bergmann and P i n c h l a s s ,  
Rec .  t r a v ,  oh im . , 1952 ,  71 ,  1 6 1 ) ,  I n  t h e  c a s e  o f  ( I Y ) ,  p e ak s  
were d e t e c t e d  a t  1157 ,  1126 ,  1096 ,  1033 cm/--3*, b u t  i n  t h e  
c a s e  o f  ( X I I ) t h e r e  was no such  p r o f u s i o n  o f  p e a k s  i n  th e  
above  r a n g e s .  The o n l y  a b s o r p t i o n  p e a k s  i n  t h e s e  r a n g e s  
o c c u r r e d  a t  1159 and 1012 cm.~^,  and can  be  a t t r i b u t e d  t o  t h e  
c a r b o n - o x y g e n  s t r e t c h i n g ,  which  g i v e s  r i s e  t o  s t r o n g  a b s o r p t i o n  
b a n d s  i n  t h e  r e g i o n  1300-1000  cm. , fo u n d  i n  a c i d s ,  a l c o h o l s ,  
e t h e r s  and e s t e r s .  These  a r e  much l e s s  s t a b l e  i n  p o s i t i o n  t h a n ,  
t h o s e  a t t r i b u t e d  to  th e  c a r b o n y l  g ro up  v i b r a t i o n s  ( L . J .  Bellamy,.  
^ I n f r a - r e d  S p e c t r a  o f  Complex M o le c u le s  ,f , p .  1 6 1 ) .
The weak a b s o r p t i o n  p e ak  a t  7 55 cm.~^ may be  a t t r i b u t e d  
t o  t h a t  o f  t h e  c h l o r i n e - c a r b o n  bond which  i n  g e n e r a l  o c c u r s  
i n  t h e  r a n g e  750-700  cm."-3" ( I d e m . , i b i d . ,  p .  2 1 7 ) .
Chem ica l  d e r i v a t i v e s  o f  d i ( 2 - c h l o r o e t h y l ) o x a l a t e 0
A t t e m p t s  were  made t o  c h a r a c t e r i s e  t h i s  compound by a 
c h e m ic a l  m e a n s .  The S - t h i o u r o n i u m  p i c r a t e  d e r i v a t i v e  c o u ld  n o t  
be  p r e p a r e d  f ro m  t h e  a u t h e n t i c  e s t e r ,  b u t  a  r e a c t i o n  b e tw e e n  
t h e  l a t t e r  and ] D - a n i s id i n e  gave a p r o d u c t  which  a n a l y s e d  f o r  
t h e  d i ( ^ - a n i s i d i d e ) o f  o x a l i c  a c i d ,  t o  w h ich  i t  c o r r e s p o n d e d  
i n  m .p .  | B i s c h o f f  and F r o h l i c h  (B e r . , 1906 ,  39,  3975)  p r e p a r e d  
i t  f ro m  ] D - a n i s id i n e  and d i p h e n y l  o x a l a t e  i n  b o i l i n g  x y l e n e  .J  
The compound ( X I I )  d e r i v e d  f ro m  t h e  c h l o r i n a t i o n  a l s o  gave
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t h i s  d e r i v a t i v e  ( m .p . ,  mixed m . p . ,  i d e n t i c a l  i n f r a - r e d  s p e c t r a  
i n  a TN u j o l T m u l l ) .  T h is  c o u ld  n o t  be u se d  a s  a p r o o f  o f  
s t r u c t u r e  o f  d i ( 2 - c h l o r o e t h y l ) o x a l a t e  a s  (X) m ig h t  p o s s i b l y  
f u r n i s h  t h e  same d e r i v a t i v e .
N e v e r t h e l e s s  i t  was c o n s i d e r e d  t h a t  t h e r e  was. s u f f i c i e n t  
e v id e n c e  f o r  t h e  f o r m u l a t i o n  o f  ( X I I )  a s  d i ( 2 - c h l o r o e t h y l ) 
o x a l a t e .
F u r t h e r  h e a t  t r e a t m e n t  o f  t h e  c h l o r i n a t i o n  r e s i d u e s  f rom  
which  ( X I I )  had  b e e n  i s o l a t e d  f a i l e d  t o  y i e l d  any more o f  t h e  
e s t e r ,  i n d i c a t i n g  t h a t  i f  i t  were formed by a t h e r m a l  
r e a r r a n g e m e n t ,  t h i s  was c o m p le te  u n d e r  t h e  c o n d i t i o n s  o f  t h e  
e x p e r i m e n t  ( oa .  130° ) .
The c h l o r i n a t i o n  o f  ( IV) was a t t e m p t e d  a t  lo w e r  t e m p e r a t u r e s  
i n  c a r b o n  t e t r a c h l o r i d e .  I t  was fo u n d  t h a t  c h l o r i n a t i o n  was 
in d u c e d  o n l y  by i r r a d i a t i n g  t h e  r e a c t i o n  m i x t u r e  by u l t r a - v i o l e t  
l i g h t ,  i n  which  c a s e  c h l o r i n e  was a b s o r b e d  f a r  more r a p i d l y  
t h a n  i n  t h e  c a s e  o f  m o l t e n  ( IV) w i t h  a c r y s t a l  o f  i o d i n e .  The 
c h l o r i n a t i o n  p r o d u c t  w h ich  gave  t h e  c o r r e c t  p e r c e n t a g e  a n a l y s i s  
o f  c h l o r i n e  f o r  t h e  s u b s t i t u t i o n  o f  two a to m ic  p r o p o r t i o n s ,  
was fo u nd  t o  e x h i b i t  s e l e c t i v e  a b s o r p t i o n  a t  1774 cm.” , w h ich  
was i n d i c a t i v e  o f  t h e  e x i s t e n c e  o f  a C=0 g r o u p .  However,  i t  
was shown, by  c h e m ic a l  m eans ,  t h a t  n e i t h e r  a k e to n e  n o r  an 
a ld e h y d e  was p r e s e n t .  The h e i g h t  o f  t h i s  p e a k  was en hanced  
w i t h  r e s p e c t  t o  t h e  h e i g h t  o f  t h e  p e ak  a t  2970 cm.” -*- (a c a r b o n -  
h y d ro g e n  s t r e t c h i n g  f r e q u e n c y )  by h e a t i n g ;  i t  a l s o  d e v e lo p e d
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a s h o u l d e r  a t  a b o u t  1744 cm.~^ (compare w i t h  t h e  i n f r a - r e d  
a b s o r p t i o n  s p e c t r u m  o f  d i ( 2 - c h l o r o e t h y l ) o x a l a t e ) .  T h is  
c o n f i r m s  t h a t  t h e  r e a r r a n g e m e n t  i s  a t h e r m a l  o n e ,  and t h a t  
some r e a r r a n g e m e n t  o c c u r s  a t  room t e m p e r a t u r e .  The i n f r a - r e d  
s p e c t r u m  o f  t r a n s - 2 , 5 - d i c h l o r o - 1 , 4 - d i o x a n  d i d  n o t  show any 
p e a k s  i n  t h e  r a n g e  a t t r i b u t e d  t o  t h e  C=0 g r o u p ,  so by a n a l o g y ,  
i t  i s  s u g g e s t e d  t h a t  any s i m i l a r  c h l o r i n a t i o n  p r o d u c t  o f  ( I T ) ,
e . g . 5 , 6 - d i c h l o r o - 2 , 3 - e t h y l e n e d i o x y - l , 4 ~ d i o x a n ,  v/ould n o t  
r e a r r a n g e ;  i . e . t h a t  o n ly  c h l o r i n e  s u b s t i t u t e d  i n  t h e  2 o r  3 
p o s i t i o n ,  o r  b o t h  t o g e t h e r ,  p r o v i d e d  a compound t h a t  c o u ld  
p o s s i b l y  r e a r r a n g e .
I n s p e c t i o n  o f  t h e  s t r u c t u r a l  f o r m u la  o f  (X) s u g g e s t s  t h a t  
i f  i t  r e a r r a n g e s  t o  g i v e  d i ( 2 - c h l o r o e t h y l ) o x a l a t e ,  i t  m ig h t  
e q u a l l y  r e a r r a n g e  to  g i v e  b o t h  e t h y l e n e  o x a l a t e  and 1 , 2 -  
d i c h l o r o e t h a n e .
Os *0 .
c i~
0 0
®I2C1 o 
i 4 , .  
CH2d -  0
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A c c o r d i n g l y  o t h e r  c h l o r i n a t i o n s  were  p u t  i n  hand w i t h  t h e  
o b j e c t  o f  e x a m in in g  t h e  p r o d u c t s  f o r  t h e  p r e s e n c e  o f  t h e s e  two 
l a t t e r  s u b s t a n c e s .  From one su c h  e x p e r i m e n t  a  s m a l l  amount o f  
s o l i d  p r o d u c t  was i s o l a t e d ,  m .p .  144—1 4 5 . 5 ° ,  which  d i d  n o t  
c o n t a i n  c h l o r i n e ,  which  d i d  n o t  g i v e  a l d e h y d i c  o r  k e t o n i c  
p r o d u c t s  on h y d r o l y s i s ,  and w hich  had th e  e m p i r i c a l  f o r m u la
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CHO. A d i r e c t  co m p a r iso n  o f  t h i s  compound w i t h  a u t h e n t i c  
e t h y l e n e  o x a l a t e ,  m .p .  1 4 4 - 1 4 5 . 5 ° ,  showed t h a t  t h e y  were  
i d e n t i c a l  (mixed m . p . ,  i n f r a - r e d  a b s o r p t i o n  s p e c t r a ) .  S e l e c t i v e  
i n f r a - r e d  a b s o r p t i o n  was shown ( i n  ’N u jo l*  ) a t  1770 cm.
U n f o r t u n a t e l y ,  a l t h o u g h  v e r y  s m a l l  q u a n t i t i e s  o f  l i q u i d  
were  i s o l a t e d  f rom  t h e  c h l o r i n a t i o n  o f  (IV) w i t h  a  b . p .  
a p p r o x i m a t e l y  t h e  same a s  t h a t  o f  1 , 2 - d i c h l o r o e t h a n e ,  no s o l i d  
d e r i v a t i v e s  c o u ld  be o b t a i n e d .
I n v e s t i g a t i o n  f o r  a m o n o c h l o r o - d e r i v a t i v e  o f  t r a n s - 2 , 5 -  
e t h y l e n e d i o x y - 1 , 4 - d i o x a n  ( I V ) .
I n  a c o n s i d e r a t i o n  o f  t h e  c o u r s e  o f  t h e  c h l o r i n a t i o n  and 
r e a r r a n g e m e n t  i n v o l v i n g  t h e  o < - c h l o r o a c e t a l ,  one o f  t h e  p ro b le m s  
i s  w h e t h e r  c h l o r i n a t i o n  p r o c e e d s  t o  a m o n o c h l o r o - d e r i v a t i v e  
w h ich  r e a r r a n g e s ,  o r  w h e th e r  t h e  m o n o c h l o r o - d e r i v a t i v e  
e l i m i n a t e s  h y d r o g e n  c h l o r i d e ,  and t h e n  a d d s  c h l o r i n e  to  fo rm  , 
a  d i c h l o r o - d e r i v a t i v e , w hich  t h e n  r e a r r a n g e s .
Cl
+HC1
The e l i m i n a t i o n  o f  h y d r o g e n  c h l o r i d e ,  and a d d i t i o n  o f  c h l o r i n e  
to  a  d i c h l o r o - d e r i v a t i v e  h a s  b e e n  o b s e r v e d  i n  a n a l n g o u s  c a s e s ,  
n o t a b l y  i n  t h e  c h l o r i n a t i o n  o f  1 , 4 - d i o x a n  i t s e l f  ( I n t r o d u c t i o n
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p .  1 6 Thus i t  m ig h t  he  t h a t  even  w i t h  an  e x c e s s  o f  ( IV ) ,  
e f f e c t i v e  c h l o r i n a t i o n  t o  a  d i c h l o r o - d e r i v a t i v e  a lw ay s  o c c u r s .  
E x p e r i m e n t s  d i r e c t e d  to  d i s c o v e r  t h i s  a r e  v e r y  d i f f i c u l t  t o  
p e r f o r m  i n  p r a c t i c e .  I t  i s  e a s y  to  s t o p  t h e  c h l o r i n a t i o n  v\Fhen 
t h e  i n c r e a s e  i n  w e i g h t  c o r r e s p o n d s  w i t h  t h e  f o r m a t i o n  o f  a 
m o n o c h l o r o - d e r i v a t i v e  o n l y ,  h u t  t h e  c o u r s e s  o f  p o s s i b l e  
r e a c t i o n  a r e  v e r y  n u m erous ,  and t h e  p r o d u c t s  have  a l l  p ro v e d  
to  he complex m i x t u r e s .
I n  t h e  ’m o n o c h l o r i n a t i o n  e x p e r i m e n t s ? , s t a r t i n g  m a t e r i a l  
was a lv/ays r e c o v e r e d ,  v o l a t i l e  p r o d u c t s  ( f r a c t i o n s )  were 
o b t a i n e d  which  c o n t a i n e d ,  i n  e v e r y  c a se  e x c e p t  on e ,  more t h a n  
t h e  t h e o r e t i c a l  amount o f  c h l o r i n e  f o r  CgHgO^Cl, and 
n o n - v o l a t i l e  r e s i d u e s  which  c o n t a i n e d  l e s s  t h a n  t h e  t h e o r e t i c a l  
amount .  I n  v iew  o f  t h e s e  ( n o n - r e p r o d u c i b l e )  r e s u l t s ,  i t  i s  
n o t  p o s s i b l e  t o  come t o  any c o n c l u s i o n s  r e g a r d i n g  t h e  c o u r s e  
o f  t h e  c h l o r i n a t i o n  o f  ( I V ) .
B r o m i n a t i o n .
B r o m i n a t i o n  o f  t r a n s ~ 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  (IV) 
was a l s o  s t u d i e d .  I t  was shown t h a t  t h e  b r o m i n a t i o n  o f  (IV) 
was i m p o s s i b l e  u n d e r  n o rm a l  e x p e r i m e n t a l  c o n d i t i o n s  ( i . e . i n  
c a r b o n  t e t r a c h l o r i d e ,  i r r a d i a t e d  w i t h  l i g h t )  u s i n g  N- 
b r o m o s u c c i n i m i d e . I n  f a c t ,  p r o l o n g e d  h e a t i n g  a t  a p p r o x i m a t e l y  
120° was n e c e s s a r y  t o  p ro d u c e  v e r y  s m a l l  y i e l d s  o f  a b r o m i n a t i o n  
p r o d u c t ,  m .p .  5 4 . 8 - 5 5 . 5 ° ,  which  d i d  n o t  g i v e ,  on h y d r o l y s i s ,  
a k e t o n e  o r  a l d e h y d e .  T h i s  p r o d u c t  was shown by d i r e c t  
c o m p a r iso n  by m . p . ,  mixed m .p .  and i n f r a - r e d  a b s o r p t i o n  s p e c t r a
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o f  a c a rb o n  d i s u l p h i d e  s o l u t i o n  t o  be d i ( 2 - b r o m o e t h y l ) o x a l a t e .
T here  o c c u r r e d  i n  t h e  i n f r a - r e d  a b s o r p t i o n  sp e c t r u m  o f  
t h i s  b r o m i n a t i o n  p r o d u c t ,  a  d o u b le  p e a k  a t  t h e  f r e q u e n c i e s  
1774 and 1745 c m ."^ ,  which  c o r r e s p o n d e d  w i t h  t h a t  o f  
d i ( 2 - c h l o r o e t h y l ) o x a l a t e ,  a s  a l s o  d i d  t h e  o t h e r  p e a k  
f r e q u e n c i e s  (1365-973  cm .- -1-) w i t h i n  20 cm.“ ^-. T h is  showed t h a t  
t h e s e  compounds p r e s u m e a b ly  had t h e  same b a s i c  s t r u c t u r e .  The
■j
p eak  f r e q u e n c i e s  l e s s  t h a n  973 cm. o f  t h e  b r o m i n a t i o n  
p r o d u c t  were  d i f f u s e  and may be a s s o c i a t e d  w i t h  t h e  b r o m in e -  
c a rb o n  bon d ,  and a s  such  were d i f f e r e n t  f rom t h o s e  a p p e a r i n g  i n  
t h e  s p e c t r u m  o f  d i ( 2 - c h l o r o e t h y l ) o x a l a t e  i n  th e  same r a n g e .
The a b s o r p t i o n  s p e c t r u m  o f  t h e  b r o m i n a t i o n  p r o d u c t  and 
a u t h e n t i c  d i ( 2 - b r o m o e t h y l ) o x a l a t e  c o r r e s p o n d e d  e x a c t l y  w i t h  
e ac h  o t h e r  w i t h  r e g a r d  t o  p e ak  f r e q u e n c i e s ,  though  t h e  r e l a t i v e  
h e i g h t s  o f  some o f  t h e  p e a k s  were  n o t  t h e  same.
R e g a r d i n g  t h e  c h e m ic a l  c h a r a c t e r i s a t i o n  o f  t h e  bromo- 
e s t e r ,  i t  was fo u n d  t h a t  a l t h o u g h  t h e r e  was a p p a r e n t l y  some 
r e a c t i o n  w i t h  t h i o u r e a ,  no p u r e  d e r i v a t i v e  c o u ld  be i s o l a t e d .  
c < -B ro m in a t io n  and o / - c h l o r i n a t i o n  o f  a c e t a l s  and e t h e r s ,  and 
i n t r a m o l e c u l a r  r e a r r a n g e m e n t s  t h e r e o f .
B r o m i n a t i o n ,  u s i n g  b r o m in e ,  o f  a c e t a l s  i n  which  t h e  
b y - p r o d u c t ,  h y d r o g e n  b r o m id e ,  was e l i m i n a t e d  i n  some way h a s  
b e e n  d e s c r i b e d ;  H a r tu n g  and A dkins  (J . Amer. Chem. S o c . , 1927, 
49 ,^ 2520)  u s e d  c a l c i u m  c a r b o n a t e ,  and M cE lva in  and W a l t e r s  
( i b i d . , 1942,  _64, 1963)  u s e d  p y r i d i n e  t o  o b t a i n  3 - b r o m i n a t e d  
p r o d u c t s .
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o (s- B r o m o a c e t a l s  were  s u g g e s t e d  by M cE lva in  and K u n d ige r
( i b i d . . ,  254) a s  i n t e r m e d i a t e s  i n  many r e a c t i o n s ,  an  example  
o f  which  was t h e  t r e a t m e n t  o f  k e t e n e  a c e t a l  w i t h  b e n z y l  b rom ide  
a t  125° f o r  3 h o u r s .  The a u t h o r s  s u g g e s t e d  t h i s  scheme:
The i n t e r m e d i a t e  ( X I I I )  was u n s t a b l e  and g a v e ,  t o g e t h e r  w i t h  
a  number o f  o t h e r  p r o d u c t s ,  e t h y l  b rom ide  and e t h y l  
2 - p h e n y l p r o p r i o n a t e .
S i m i l a r  r e a c t i o n s  o c c u r r e d  w i t h  k e t e n e  a c e t a l  and a l l y l  
b ro m id e  ( h e a t i n g  t o g e t h e r  a t  190° f o r  5 h o u r s ) .  Hydrogen  
b rom ide  (and c h l o r i d e )  w i t h  k e t e n e  a c e t a l  i n  r e f l u x i n g  e t h e r  
r e s u l t e d  i n ,  amoungst  o t h e r  p r o d u c t s ,  e t h y l  a c e t a t e  and e t h y l  
b ro m ide  ( c h l o r i d e ) .  M cElva in  and D a v ie  ( i b i d . , 1952,- 7_4, 1816)  
d e s c r i b e d  t h e  b r o m i n a t i o n ,  u s i n g  b ro m in e  a t  0 - 5 ° ,  o f  k e t e n e  
a c e t a l  and s u b s t i t u t e d  k e t e n e  a c e t a l s  to  p r o d u c e ,  amongs t  
o t h e r  p r o d u c t s ,  e t h y l  b ro m ide  and t h e  e t h y l  e s t e r  o f  a 1 -b ro m o-  
a c i d .  Thus i n t e r m e d i a t e  o (~ b ro m o a c e ta l s  have  b een  s u g g e s t e d ,  b u t  
t h e s e  r e a r r a n g e d  t o  g i v e  th e  r e q u i r e d  p r o d u c t s :
i—
Ph.CHc CHo-C/'  £ £ \ x - - .
Br
L-  ( X I I I )
,o- c2h 5
P h . CHg—£>r
/0-CpHc
R.CH-CC
I I ''0 -CpH,~
CgUjjBr R .C H (B r) .  C02 C2H5
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B r o m in a t io n  o f  a c e t a l s ,  u s i n g  N - b r o m o s u c c i n i m i d e , was 
f i r s t  d e s c r i b e d  by  M a r v e l l  and l o n c i c h  ( i b i d , ,  1951 ,  £ 3 ,  9 7 3 ) .  
The r e a c t i o n  m i x t u r e s  were i n  e v e r y  c a s e  k e p t  a t  l e s s  t h a n  
4 0 ° ,  and i l l u m i n a t e d  by  a  60 w a t t  lamp; any i n c r e a s e  i n  
t e m p e r a t u r e  c a u se d  a  d e c r e a s e  i n  t h e  y i e l d .  The p r o d u c t s ,  
d i e t h y l  p - b r o m o a c e t a l s  were o b t a i n e d  i n  y i e l d s  o f  a p p r o x i m a t e l y  
50% and were p u r i f i e d  by  d i s t i l l a t i o n  a t  t e m p e r a t u r e s  e q u a l  
to  o r  l e s s  t h a n  87° u n d e r  d i m i n i s h e d  p r e s s u r e .  From th e  
b r o m i n a t i o n  o f  t h e  d i e t h y l  a c e t a l  o f  b e n z a l d e h y d e , no 
b r o m o a c e t a l  was o b t a i n e d ,  b u t  e t h y l  b e n z o a t e  was i s o l a t e d ,  
unaccom pan ied  by  e t h y l  b ro m id e .
Thus o t h e r  cZ -b ro m o ac e ta l s  have  b e e n  p o s t u l a t e d  to  be 
u n s t a b l e  and t o  r e a r r a n g e  to  g i v e  e s t e r s .  M cE lva in  and S tanm er  
( i b i d . , 1953 ,  7_5, 2154)  showed t h a t  t h e  compound p ro d u c e d  
f rom  t h e  t r e a t m e n t  o f  1 , 2 - d i e t h o x y - l - b r o m o e t h y l e n e  w i t h  e t h a n o l  
and a t r a c e  o f  a c i d  was  u n s t a b l e  and r e a r r a n g e d  to  e t h y l  
e t h o x y a c e t a t e  and e t h y l  b r o m id e .  W rig h t  ( i b i d . ,  1955 ,  77 ,  4883)  
p r e p a r e d  1 - k e t o e s t e r s  i n  good y i e l d s  f rom  t h e  b r o m i n a t i o n ,  by 
N - b r o m o s u c c i n i m i d e , o f  d i a l k y l a c e t a l s  o f  1 - k e t o a l d e h y d e s .
T he re  h av e  b e e n  r e p o r t e d  c h l o r i n a t i o n s ,  by c h l o r i n e ,  o f  
a c e t a l s .  I n  t h e  c a s e  o f  t h e  c h l o r i n a t i o n  o f  1 , 3 - d i o x o l a n  
(Baker  and Shannon ,  J . , 1933 ,  1 5 9 8 ) ,  2 - c h l o r o - l , 3 - d i o x o l a n  was 
s a i d  to  be t h e  m a jo r  p r o d u c t ,  B u n t i n  ( U . S . P . ,  2 , 7 4 9 , 2 7 1 ,  1956)  
o b t a i n e d  a  d i c h l o r i n a t e d  p r o d u c t  f rom  t h e  t r e a t m e n t  w i t h  
c h l o r i n e  g a s ,  o f  t h e  e u t e c h , t i c  m i x t u r e  p r o d u c t  f rom  th e  
r e a c t i o n  b e tw e e n  t r a n s - 2 , 3 - c L i c h l o r o - l , 4 - d i o x a n  and e t h y l e n e
g l y c o l  ( I n t r o d u c t i o n  p .  1 6 ) ,  i n  c a r b o n  t e t r a c h l o r i d e ,  a t  room 
t e m p e r a t u r e s  and i r r a d i a t e d  by  u l t r a - v i o l e t  l i g h t .  The p r o d u c t  
was n o t  i n v e s t i g a t e d  f u r t h e r  w i t h  r e g a r d  t o  i t s  c o m p o s i t i o n .
The r e a r r a n g e m e n t  o f  c/r b r o m in a t e d  a c e t a l s  i s  a n a l a g o u s  
t o  t h a t  o b s e r v e d  w i t h  1 - h a l o g e n o e t h e r s , i . e . a  1 , 3 - m i g r a t i o n  
o f  h a l o g e n  a c r o s s  t h e  e t h e r  b o n d .  The r e a r r a n g e m e n t s  o f  th e
2 . 3 - d i c h l o r o - 2 , 3 - d i s u b s t i t u t e d - l , 4 - d i o x a n s  shows t h e  m os t  
r e s e m b l a n c e  t o  t h e  p r e s e n t  w ork ,  and were  i n v e s t i g a t e d  by 
Sum m erbe l l  and B e r g e r  j ( i )  J .  Amer. Chem. S o c . ,  1957,  7£ ,  6504
( i i )  i b i d . , 1959 ,  81 ,  6 3 5 ] •  I n  t h e  f i r s t  i n s t a n c e  ( i )  a  
compound was o b t a i n e d  f rom  t h e  h i g h  t e m p e r a t u r e  c h l o r i n a t i o n  
o f  t r a n s - 2 , 3 - d i o h l o r o ~ l , 4 ~ d io x a n  which  was fo u n d  t o  be 
( 2 - c h l o r o e t h o x y ) ~ d i c h l o r o a c e t y l  c h l o r i d e ,  and n o t  a s  i t  was 
f i r s t  su p p o sed  2 , 2 , 3 , 3 - t e t r a c h l o r o - l , 4 - d i o x a n ;  t h e  l a t t e r  
compound, s u b s e q u e n t l y  s y n t h e s i s e d ,  d i d  r e a r r a n g e  i n t o  t h e  
f o r m e r  on h e a t i n g  t o  r e f l u x  i n  sym- t e t r a c h l o r o e t h a n e  f o r  
24-36 h o u r s .  I n  th e  second  i n s t a n c e  ( i i )  2 , 3 - d i p h e n y l ~ l , 4 -  
d io x ~ 2 - e n e  was c h l o r i n a t e d  i n  t h e  c o ld  t o  g i v e  2 , 3 - d i p h e n y l -
2 . 3 - d i c h l o r o - l , 4 - d i o x a n  which  on p y r o l y s i s  (1 9 0 ° )  r e a r r a n g e d  
t o  b e n z i l .  and 1 , 2 - d i c h l o r o e t h a n e .
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( i i  ) 190°
OC.Phi^ P h OC.Ph CHoClIo'Cl
Scheme o f  t h e  r e a r r a n g e m e n t .
T here  can  be no a c c u r a t e  p o s t u l a t i o n  o f  t h e  c o u r s e  and 
scheme o f  t h e  r e a r r a n g e m e n t  mechanism b e c a u s e ,  on one h a n d ,  no 
c o n c l u s i v e  r e s u l t  c o u ld  be  o b t a i n e d  f ro m  t h e  m o n o c h l o r i n a t i o n  
e x p e r i m e n t s ,  and on th e  o t h e r  h a n d ,  e x i s t e n c e  o f  t h e  
i n t e r m e d i a t e s  s u g g e s t e d  b e lo w ,  would be  i m p o s s i b l e  t o  d e t e r m i n e .
N e v e r t h e l e s s  w i t h  r e g a r d  t o  t h e  r e a r r a n g e m e n t  by 1 , 3 -  
m i g r a t i o n  o f  t h e  c h l o r i n e  o r  b ro m in e  a tom a c r o s s  t h e  e t h e r  
b on d ,  i t  i s  t h o u g h t  t h a t  t h e  t r a n s i t i o n  i s  v i a  an  u n s t a b l e  
oxonium i o n .  E v id e n c e  t o  s u p p o r t  t h i s  p o s t u l a t i o n  s te m s  f rom  
th e  f a c t  t h a t  1 , 4 - d i o x a n  fo rm s  a number o f  oxonium s a l t s  j^ e , g . 
t h e  oxonium s a l t  f ro m  th e  r e a c t i o n  b e tw e e n  1 , 4 - d i o x a n  and 
h y d r o g e n  b ro m id e  i s  v e r y  s t a b l e  (Yan C leave  and B l a k e ,  Canad .
J .  Chem. ,  1951,  29 ,  7 8 5 )J • The s t r u c t u r e  o f  (X) i s  such  t h a t  
t h e  e x i s t i n g  e l e c t o m e r i c  e f f e c t  i s  c o n d u c iv e  to  t h e  s e p a r a t i o n  
o f  a ( n e g a t i v e )  c h l o r i n e  i o n  (compare  I n g o l d ,  * S t r u c t u r e  and 
Mechanismh i n  O r g a n ic  C h e m i s t r y ’ , p .  3 3 3 ) .  T hus ,  h y p o t h e t i c a l l y ,  
t h e  oxonium s a l t  m ig h t  be  formed and c o n s e q u e n t l y  o n l y  one 
c o u r s e  i s  l e f t  f o r  t h e  f o r m a t i o n  o f  t h e  C=0 g ro u p  a t  t h e  c a r b o n  
a tom ,  p o s i t i o n  2, and f o r  t h e  a t t a c h m e n t  o f  t h e  c h l o r i n e  i o n  
to  t h e  c a r b o n  a tom  a t  p o s i t i o n  6 .  The r e a r r a n g e m e n t  i n v o l v i n g
- 6 2 -
t h e  s e co n d  c h l o r i n e  a tom  would o c c u r  f o r  t h e  same r e a s o n ,  b u t  
owing t o  t h e  d isy m m etry  o f  t h e  m o l e c u l e ,  t h e r e  can  be two 
c o u r s e s  a t  t h i s  s tep*
I n  t h e  scheme,  f o r  c o n v e n i e n c e ,  t h e  e s t a b l i s h m e n t  o f  t h e  
d i c h l o r o - d e r i v a t i v e  (X) i s  a ssum ed ,  p r i o r  t o  t h e  r e a r r a n g e m e n t .  
The a rg u m e n ts  a p p l y  e q u a l l y  t o  t h e  r e a r r a n g e m e n t  o f  an 
i n t e r m e d i a t e  m o n o c h l o r o - d e r i v a t i v e .
1
^ Cl
6 ^ \
5 \
4 Cl
!
_ __ J
d i  ( 2 - c h l o r o  e t h y l ) 1 , 2 - d i c h l o r o e t h a n e  e t h y l e n e
o x a l a t e  o x a l a t e
Scheme
W ith  t h e s e  r e l a t e d  compounds,  t h e  e a s e  o f  r e a r r a n g e m e n t  
i s  g i v e n  by t h e  o r d e r  2 , 3 - d i c h l o r o - 2 , 3 - e t h y l e n e d i o x y - l , 4 -  
d i o x a n ’^ > 2 , 2 , 3 , 3 - t e t r a c h l o r o - l , 4 -d io x an " /  2 , 3 ~ d i c h l o r o ~ 2 , 3 -  
d i p h e n y l ~ l , 4 ~ d i o x a n .  R e g a r d i n g  t h e s e  compounds a s  s u b s t i t u t e d
2 , 3 - d i c h l o r o - l , 4 - d i o x a n s ,  i t  w i l l  be s e e n  t h a t  t h e  o r d e r  o f  
t h e  s u b s t i t u e n t s ,  f o r  e a s e  o f  r e a r r a n g e m e n t  o f  t h e  compounds, 
i s  a l k o x y ^ r C l - ^  P h - .  T h i s  i s  t h e  same o r d e r  a s  t h a t  f o r  th e  
r e l a t i v e  d i r e c t i n g  pow ers  o f  t h e s e  s u b s t i t u e n t s  when p r e s e n t  
i n  a  b e n z e n e  n u c l e u s .
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P a r t  I I I :
The p r e p a r a t i o n  and i n v e s t i g a t i o n  o f  t h e  c h e m i s t r y  o f  * 2 ,5 -
e t h y l e n e d i o x y - 5 , 6 - d i c a r b e t h o x y - I , 4 - d i o x a n 1•
G e n e r a l  d i s c u s s i o n .
A r e a c t i o n  w h ich  m ig h t  s e r v e  t h e  p u r p o s e  o f  e l u c i d a t i n g  
t h e  p o s s i b l e  c o u r s e  o f  r e a c t i o n  b e tw e e n  t r a n s - 2 , 3 - d i o h l o r o - l , 4 -  
d i o x a n  ( I I )  and e t h y l e n e  g l y c o l ,  i s  th o  r e a c t i o n  b e tw e e n  ( I I )  
and d i e t h y l  ( + ) - t a r t r a t e . T h i s  was f i r s t  r e p o r t e d  bjr B $ e se k en ,  
T e l l e g e n  and H e n r i q u e z  (J .  Amer. Chem, S o c . ,  1933 ,  5J5, 1 2 8 4 ) ,  
and t h e  o n l y  p r o d u c t  d e s c r i b e d  was a compound, m .p .  9 3 . 3 - 9 4 . 7 ° ,  
[ a£ | jp  -O'.30° w hich  d i d  n o t  g i v e  a v e r y  s a t i s f a c t o r y  a n a l y s i s  
f o r  CpgHpgOs. The compound h a s  b e e n  f o r m u l a t e d ,  w i t h o u t  p r o o f ,  
a s  2 , 3 - e t h y l e n e d i o x y - 5 , 6 - d i c a r b e t h o x y - l , 4 - d i o x a n  (XIV).
co2c2h 5
(x i v )
1CO2 C2H 5
B e ca u se  o f  t h e  u n c e r t a i n t y  o f  t h e  c o u r s e s  o f  t h e  r e a c t i o n s  
d e s c r i b e d  a b o v e ,  i t  i s  o b v i o u s  t h a t  o t h e r  p o s s i b i l i t i e s  f o r  
t h e  s t r u c t u r e  o f  t h e  p r o d u c t ,  m .p .  9 3 . 3 - 9 4 . 7 ° ,  m u s t  be  
c o n s i d e r e d ,  nam ely ,  t h e  t h r e e  compounds,  (XV), (XVI),  (X V II ) .
aj C02C2H5 
> - <
-O' 'o-
(XV)
C02 C2H5
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C2H50 2C
C2H5O2C C°2C2K5
(XVI)
C 0 2 C 2 H 5
CgH^QgC 0^ CO2.G2H5
(XVII)
Compound (XIV),  GigB^gOg, i s  i s o m e r i c  w i t h  (XV) and t h e  
m o l e c u l a r  f o r m u la e  o f  (XVI) and (X V II ) ,  C^gHggOjg, a r e  sucil 
t h a t  t h e  u l t i m a t e  a n a l y s i s  so f a r  o b t a i n e d  d o e s  n o t  p e r m i t  a 
d i s t i n c t i o n  t o  be made b e tw e e n  t h e s e  p o s s i b i l i t i e s .
However,  i t  vrould seem t h a t  i f  t h e  c h e m i s t r y  o f  th e  
p r o d u c t  o b t a i n e d  by Boese l ten  e t  a l . was ex am in e d ,  i t s  s t r u c t u r e  
co u ld  be e l u c i d a t e d .  The d i s t i n c t i o n  b e tw e e n  (XIV) o r  (XV), and 
(XVI) o r  (XVII)  c o u ld  be made by d e t e r m i n i n g  t h e  m o l e c u l a r  
w e i g h t ;  d e t e r m i n i n g  th e  s a p o n i f i c a t i o n  e q u i v a l e n t ;  and th e  
p r e p a r a t i o n  o f  a  d e r i v a t i v e ,  by  t h e  s u b s t i t u t i o n  o f  any number 
o f  t h e  c a r b e t h o x y  g r o u p s  so t h a t  t h e  u l t i m a t e  a n a l y s i s  o f  t h e  
d e r i v a t i v e  Yrould i n d i c a t e  r e a d i l y  one o f  t h e  p a i r s  o f  
p o s s i b i l i t i e s .  The d i s t i n c t i o n  b e tw e e n  (XIV) o r  (XVI),  and 
(XV) o r  (XVII)  c o u ld  be made by  th e  p r e p a r a t i o n  o f  th e  f r e e  
a c i d  and i t s  s u b s e q u e n t  d e c a r b o x y l a t i o n  to  e i t h e r  t r a n s - 2 , 3 -  
e t h y l e n e d i o x y - l , 4 - d i o x a n  o r  2 ,2  * -bi_s~ ( 1 , 3 - d i o x o l a n ) .
F u r t h e r  p r o d u c t s  o f  t h e  r e a c t i o n  b e tw e e n  ( I I )  and d i e t h y l  
(■ 4 - ) - ta r t r a te  m ig h t  t h e n  be f o u n d ,  and t h e s e  Yrould be  t r e a t e d
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i n  a  m anner  a n a l a g o u s  to  t h a t  j u s t  o u t l i n e d ,  p o s s i b l y  p r o v i d i n g  
s u f f i c i e n t  a d d i t i o n a l  i n f o r m a t i o n  f o r  t h e  e l u c i d a t i o n  o f  t h e  
c o u r s e  and m echan ism  o f  t h e  r e a c t i o n s  o f  ( I I ) *
A p p l i c a t i o n
I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  compound, m .p .  9 3 . 3 -  
9 4 . 7 ° ,  was p r e p a r e d  a c c o r d i n g  t o  t h e  p r e s c r i b e d
m etho d .  On r e c r y s t a l l i s a t i o n , h o w ever ,  a p r o d u c t ,  m .p .  9 3 - 9 3 . 5 ° ,  
{4 g *  - 5 6 . 4 ° ,  was o b t a i n e d  w i t h  a n  u l t i m a t e  a n a l y s i s  w hich  was 
i n  g r e a t e r  a c c o r d  w i t h  any  o f  t h e  p o s s i b i l i t i e s  t h a n  had b e e n  
p r e v i o u s l y  r e c o r d e d  f o r  t h i s  s u b s t a n c e .  The m o l e c u l a r  w e ig h t  
and s a p o n i f i c a t i o n  e q u i v a l e n t ,  a l t h o u g h  i n c o n s i s t e n t ,  t e n d e d  
to  e l i m i n a t e  (XVI) and (XVII) a s  p o s s i b i l i t i e s .
F u r t h e r  t o  t h i s ,  e x p e r i m e n t s  were  c a r r i e d  o u t  i n  o r d e r  
t o  s u b s t i t u t e  a n o t h e r  g ro u p  f o r  c a r b e t h o x y .  The t r e a t m e n t  o f  
t h e  p r o d u c t ,  m .p .  9 3 - 9 3 . 5 ° ,  w i t h  h y d r a z i n e  d i d  n o t  y i e l d  any 
p r o d u c t  c o n t a i n i n g  n i t r o g e n ,  i n  f a c t ,  a l a r g e  amount o f  
s t a r t i n g  m a t e r i a l  was r e c o v e r e d .
The t r e a t m e n t  o f  th e  p r o d u c t ,  m .p .  9 3 - 9 3 . 5 ° ,  d i s s o l v e d  i n  
e t h a n o l ,  w i t h  ammonia, y i e l d  a compound which  a n a l y s e d ,  w i t h  
t h e  e x c e p t i o n  f o r  t h e  p e r c e n t a g e  o f  h y d r o g e n ,  f o r  t h e  c o n v e r s i o n  
o f  one c a r b e t h o x y  g ro u p  i n t o  an  amide g ro u p  i n  e i t h e r  o f  (XIV) 
o r  (XV), and d i d  n o t  g i v e  a  r e a s o n a b l e  a n a l y s i s  f o r  any  number 
o f  s u b s t i t u t i o n s  by amide g r o u p s  f o r  c a r b e t h o x y  i n  e i t h e r  (XVI) 
o r  (X V II ) .
Thus t h e  compound, m .p .  9 3 - 9 3 . 5 ° ,  m ust  be  e i t h e r  (XIV) o r  
(XV), and t h e  o n ly  o b v io u s  c h e m ic a l  means t o  d i f f e r e n t i a t e  i s
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by d e c a r b o x y l a t i o n .  I t  was s a p o n i f i e d  by  e i t h e r  sodium 
h y d r o x i d o  o r  p o t a s s i u m  h y d r o x i d e ,  t h e  f o r m e r  f u r n i s h i n g  an 
a p p a r e n t l y  s t a b l e  c r y s t a l l i n e  s a l t ,  t h e  l a t t e r ,  a d e l i q u e s c e n t  
s a l t .  From t h e  a q u eo u s  s o l u t i o n  o f  e i t h e r  o f  t h e s e  s a l t s ,  a 
w h i t e ,  l e a d  s a l t  was p r e c i p i t a t e d  on a d d i t i o n  o f  aq u eo u s  l e a d  
n i t r a t e ,  i n  such  q u a n t i t y  a s  t o  s u g g e s t  t h a t  i t  was t h e  l e a d  
s a l t  o f  t h e  r e q u i r e d  d i c a r b o x y l i c  a c i d .  A d d i t i o n  o f  e x c e s s  
a q u e o u s  l e a d  n i t r a t e  p a r t l y  d i s s o l v e d  t h e  w h i t e ,  l e a d  
p r e c i p i t a t e ,  p o s s i b l y  i n d i c a t i n g  t h e  f o r m a t i o n  o f  a complex 
l e a d  s a l t .  !
To p r e p a r e  t h e  f r e e  a c i d  f rom  t h i s  l e a d  s a l t  by  d o u b le  
d e c o m p o s i t i o n  w i t h  h y d r o g e n  s u l p h i d e ,  m o i s t u r e  was r i g o r o u s l y  
e x c l u d e d .  T h is  was done i n  o r d e r  t o  p r e c l u d e  t h e  p o s s i b i l i t y  
t h a t  t h e  f r e e  a c i d  would be  s e l f - h y d r o l y s e d  i n  aqu eo u s  m e d ia .
The c o n d i t i o n s  f o r  t h e  p r e p a r a t i o n  o f  t h e  a c i d  p r o d u c t  
were  v a r i e d  s l i g h t l y ,  and i n  e ac h  c a se  a  w h i t e  c r y s t a l l i n e  
s o l i d ,  w h ich  gave  an  a c i d  r e a c t i o n  to  a q u e o u s  sodium b i c a r b o n a t e ,  
was o b t a i n e d .  T h is  a c i d i c  p r o d u c t ,  which  was shown n o t  to  c o n t a i n  
l e a d ,  c o u ld  n o t  be p u r i f i e d  by  r e c r y s t a l l i s a t i o n .
The S - b e n z y l  i s o t h i o u r o n i u m  d e r i v a t i v e  o f  t h i s  a c i d  was j
V
i
p r e p a r e d ,  w hich  gave  a  r e a s o n a b l e  u l t i m a t e  a n a l y s i s  f o r  t h e  ]
r e q u i r e d  d e r i v a t i v e  o f  (XIV) o r  (XV).
S i n c e  t h e  su p p o sed  p r o d u c t  o f  d e c a r b o x y l a t i o n  o f  th e  a c i d  
would be  e i t h e r  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  o r  2 , 2 T-  
b i j 3 ~ ( 1 , 3 - d i o x o l a n ) , and b o th  o f  t h o s e  a r e  r e a d i l y  s u b l i m e d ,  
t h e  a t t e m p t e d  d e c a r b o x y l a t i o n s  were  e a s i l y  c o n d u c te d  w i t h  t h e
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o b j e c t  o f  i s o l a t i n g  th e  above p a r e n t  compounds.
At 160° t h e  a c i d i c  p r o d u c t  decomposed t o  a  g l a s s .  Thus i n  
o r d e r  t o  lo w e r  t h e  t e m p e r a t u r e  o f  d e c a r b o x y l a t i o n ,  c e r t a i n  
compounds (e . g . c o p p e r - b r o n z e ,  c u p r i c  o x i d e )  were a d d e d ,  b u t  
on h e a t i n g  no v o l a t i l e  p r o d u c t s  were  o b t a i n e d .  I t  was a l s o  
h e a t e d  i n  v a r i o u s  b o i l i n g  m ed ia  w i t h  t h e s e  a d d i t i v e s ,  b u t  a g a i n  
w i t h o u t  r e s u l t .  On h e a t i n g  i n  b o i l i n g  d e c a l i n  ( b . p .  1 9 3 ° /  7 60 
mm. ) i t  decomposed to  a b l a c k  amorphous s o l i d .  The a t t e m p t e d  
d e c a r b o x y l a t i o n  u s i n g  so d a l im e  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  
a v i s c o u s  b l a c k  o i l  f rom  which  t h e  r e q u i r e d  compound was n o t  
i s o l a t e d .
Lack o f  t im e  p r e v e n t e d  f u r t h e r  a t t e m p t s  a t  d e c a r b o x y l a t i o n  
o f  t h e  a c i d i c  p r o d u c t  i n  g r e a t e r  q u a n t i t i e s .
C o n c lu s io n
From t h e  r e a c t i o n  b e tw e e n  ( I I )  and d i e t h y l  ( - f - ) - t a r t r a t e  
was i s o l a t e d  a  compound t o  w hich  can  be a t t r i b u t e d  one o f  t h r e e  
s t r u c t u r e s ,  i . e . (XV) o r  two o f  t h e  s t e r e o i s o m e r s  r e p r e s e n t e d  
by t h e  f o r m u l a  (XIY).
Thus no f u r t h e r  l i g h t  was th row n  on th e  p ro b le m  o f  th e  
c o u r s e  o f  r e a c t i o n  i n v o l v e d  i n  t h e  r e a c t i o n s  o f  ( I I )  w i t h  
h y d ro x y -c o m p o u n d s .
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EXPERIMENTAL
(M e l t in g  p o i n t  d e t e r m i n a t i o n s  h ave  b e e n  c o r r e c t e d ;  
u n l e s s  o t h e r w i s e  s p e c i f i e d ,  ' e t h a n o l *  r e f e r s  t o  
95% e t h a n o l ;
th e  i n f r a - r e d  s p e c t r o g r a p h s  were  r e c o r d e d  on a 
H i l g e r  d o u b le - b e a m  m a c h in e ,  and were  c o r r e c t e d  
a g a i n s t  t h e  s p e c t r a  o f  a p o l y s t y r e n e  s t r i p  and 
a i r . )
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EXPERIMEHTAL 
P a r t  I A :
1 .  D i e t h y l  (t ) - l , 2 - d i b r o m o s u c c i n a t e . -  T h i s  compound was p r e p a r e d  
f rom  d i e t h y l  m a l e a t e ,  by  t h e  a d d i t i o n  o f  b ro m ine  i n  e t h e r ,  
a c c o r d i n g  t o  t h e  m ethod o f  I n g  and P e r k i n  (J . , 1924,  1 2 5 , 1 8 3 ) ,  
and had b . p .  1 0 5 ° /  0 . 8  mm.
2.  A t t e m p te d  p r e p a r a t i o n  o f  d i e t h y l  l - b r o m o ~ 2 - ( 2*- h y d r o x y e t h o x y ) 
s u c c i n a t e . -  Sodium ( 2 . 3 g . ,  0 . 1  m o le )  was d i s s o l v e d  i n  an  
e x c e s s  o f  e t h y l e n e  g l y c o l  ( 5 1 . 2 g . ,  0 . 8 3  m o l e ) .  The c o ld  
s o l u t i o n  was s t i r r e d  v i g o r o u s l y  and t o  i t  was added t h e  
s u c c i n a t e  e s t e r  ( 3 3 . 2 g . ,  0 . 1  m o le )  d u r i n g  30 m i n u t e s .  I n i t i a l l y  
t h e  d i e t h y l  ( . ± ) ~ 1 , 2 - d i b r o m o s u c c i n a t e  d i s s o l v e d  i n  t h e  g l y c o l ,  
b u t  on f u r t h e r  a d d i t i o n  an e m u l s io n  f o rm e d .
The m i x t u r e  was h e a t e d  t o  5 0 - 6 0 ° ,  and s t i r r i n g  was 
c o n t i n u e d  f o r  a  f u r t h e r  1-g- h o u r s ,  d u r i n g  w hich  t im e  no a p p a r e n t  
change o c c u r r e d .
A t e s t  p o r t i o n  ( 0 . 5 m l . )  o f  t h e  m i x t u r e  was added  t o  an  
aq u e o u s  s o l u t i o n  o f  s i l v e r  n i t r a t e  and n i t r i c  a c i d ,  and gave  
an  im m e d ia te  c ream c o l o u r e d  p r e c i p i t a t e .  The r e m a i n d e r  o f  t h e  
m i x t u r e  was sh a k e n  w i t h  e t h e r  (30 ,  10 ,  1 0 m l . )  and t h e  combined 
e t h e r e a l  e x t r a c t s  were  d r i e d  ( N a ^ S O ^ .  A f t e r  t h e  e t h e r  had 
b e e n  removed by  d i s t i l l a t i o n ,  t h e  r e s i d u e  was  d i s t i l l e d ,  and 
t h e  f o l l o v f i n g  f r a c t i o n s  c o l l e c t e d :
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f r a c t i o n b . p . w e i g h t
( i ) 6 2 ° /  1 mm. 2 .5  g .
( i i  ) 8 0 - 1 0 0 ° /  0 . 8  mm. 2 , 3 g .
( i i i  ) 1 0 0 - 1 0 1 ° /  0 . 6  mm. 1 0 .8 g .
The r e s i d u e  d i d  n o t  d i s t i l  a t
/  0 . 6  mm., b a t h  t e m p e r a t u r e
1 7 0 ° .
F r a c t i o n s  ( i )  and ( i i )  e a c h  c o n s i s t e d  o f  two i m m i s c ib l e  l i q u i d s *  
F r a c t i o n  ( i i i )  had b . p .  c o r r e s p o n d i n g  w i t h  t h a t  o f  d i e t h y l  jj
( J : ) - l ,  2 - d i b r o m o s u c c i n a t e ,  and gave a p o s i t i v e  t e s t  f o r  h a l o g e n  |1
( L a s s a i g n e  t e s t ) .  |
3 .  A t t e m p te d  p r e p a r a t i o n  o f  d i e t h y l  l , 4 - d i o x a n ~ 2 , 5 - d i c a r b o x y l a t e * 
-  C lea n ed  p o t a s s i u m  ( l O . l g . ,  0 . 1 8  m o le )  was p a r t l y  sanded  i n  
d i o x a n  ( 5 0 m l . ) ,  and l e f t  i n  c o n t a c t  w i t h  t h i s  s o l v e n t  ( 1 0 m l . ) .  jj
To t h i s  m i x t u r e ,  e t h y l e n e  g l y c o l  ( 6 . 2 g . ,  0 . 1  m o le )  was added  j
d r o p w i s e .  A f t e r  15 m i n u t e s  t h e  m i x t u r e  was h e a t e d  and s t i r r e d  
u n t i l  t h e  b r i g h t  s u r f a c e  o f  p o t a s s i u m  was a g a i n  v i s i b l e .  The f
r e m a i n d e r  o f  t h e  g l y c o l  was t h e n  added  d u r i n g  1} h o u r s ,  when f
a y e l l o w  s o l i d  formed i n  t h e  m i x t u r e .  The r e a c t i o n  m i x t u r e  j
was s t i r r e d  and h e a t e d  a t  9 0 ° ,  w h i l s t  d i e t h y l  ( i ) - l , 2 -  
d i b r o m o s u c c i n a t e  ( 3 3 . 2 g . ,  0 . 1  m o le )  i n  d i o x a n  ( 2 0 m l . ) was 
added  d r o p w i s e  d u r i n g  4 h o u r s .  D u r in g  t h i s  p e r i o d  th e  m i x t u r e  f
t u r n e d  brown i n  c o l o u r .  I t  was f u r t h e r  h e a t e d  f o r  2 h o u r s .  j
M e th a n o l  ( 1 2 m l . )  was added  to  n e u t r a l i s e  any f r e e  j
* | 
( a l s o  e q u a l l y  2 , 3 - d i c a r b e t h o x y - l , 4 ~ d i o x a n )  j
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p o t a s s i u m ,  and t h i s  m i x t u r e  was p o u red  i n t o  w a t e r  ( 1 5 0 m l . ) .
The whole v/as t h e n  sha k en  w i t h  e t h e r  ( 3 5 m l . ,  t h e n  8 x 1 0 m l . ) ,  
t h e  combined e t h e r e a l  e x t r a c t s  were  washed w i t h  w a t e r  (2 x2 5 m l. )  
and d r i e d  (MgSO^). A f t e r  r em o v a l  o f  t h e  s o l v e n t  by  d i s t i l l a t i o n ,  
t h e  l i q u i d  r e s i d u e  was d i s t i l l e d  and th e  f o l l o w i n g  f r a c t i o n s  
c o l l e c t e d :
f r a c t i o n b . p . w e ig h t
( i ) 6 5 - 7 5 ° /  1 mm. 1 • 5g •
( i i ) 8 6 - 1 0 6 ° /  1 . 2  mm. 2 . 5 g .
( i i i ) 1 0 6 - 1 1 0 ° /  1 mm. 1 0 . 5g .
The r e s i d u e  d i d  n o t  d i s t i l
a t  /  1 mm., b a t h  t e m p e r a t u r e
180°
F r a c t i o n  ( i i i )  had  b . p .  c o r r e s p o n d i n g  w i t h  t h a t  o f  d i e t h y l  
( ± ) ~ 1 , 2 - d i b r o m o s u o c i n a t e .
F r a c t i o n  ( i )  gave  a p o s i t i v e  t e s t  f o r  h a l o g e n .
P a r t  I B :
S i l v e r  o x i d e T h i s  was p r e p a r e d  by  t h e  d r o p w is e  a d d i t i o n  
o f  a q u e o u s  sodium h y d r o x i d e  (10%) to  an  a q ueo u s  s o l u t i o n  o f  
s i l v e r  n i t r a t e  (20%), w i t h  c o n s t a n t  s t i r r i n g .  The r e s u l t i n g  
brown p r e c i p i t a t e  was washed w i t h  w a t e r ,  e t h a n o l  and t h e n  
e t h e r ;  i t  was d r i e d  i n  a d e s i c c a t o r  f o r  3 d a y s  o v e r  c a l c i u m  
c h l o r i d e .
2 .  A t t e m p te d  p r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  d i e t h y l  1 , 4 -  
d i o x a n - 2 , 5 - d i c a r b o x y l a t e . ~ S i l v e r  o x id e  ( 4 5 . 7 g . ,  0*2 m o le )  was
added t o  a  s o l u t i o n  o f  d i e t h y l  ( ± ) - t a r t r a t e  ( 2 0 . 6 g . ,  0 , 1  m o le )  
and e t h y l e n e  d ib r o m id e  ( 3 4 . 7 g . ,  0 . 2  m o le )  i n  b e n ze n e  ( 5 0 m l . ) .  
I n i t i a l l y  t h e r e  was no a p p a r e n t  r e a c t i o n ,  b u t  on warming on 
a s t e a m - b a t h  f o r  5 m i n u t e s ,  a  g e n t l e  e x o th e r m i c  r e a c t i o n  j
e n su ed  w hich  c o n t i n u e d  f o r  a f u r t h e r  25 m i n u t e s ,  a f t e r  which  
t h e  r e a c t i o n  m i x t u r e  was b o i l e d  u n d e r  r e f l u x  f o r  1 h o u r . I
The r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  b e n z e n e  ( 5 0 m l . )  and j
■i
f i l t e r e d ;  th e  r e s i d u e  a p p e a r e d  t o  be  unchan ged  s i l v e r  o x i d e .  j
j
The f i l t r a t e  c o n t a i n e d  w a t e r ,  w h ich  a p p e a r e d  d u r i n g  t h e  r e a c t i o n .  | 
T h i s  was s e p a r a t e d  o f f  a s  f a r  a s  p o s s i b l e  and t h e  b e n z e n e  j
■j
s o l u t i o n  was d r i e d  (Na^SO^).  The b e n z e n e  was removed f ro m  t h i s  ;
s o l u t i o n  on a s t e a m - b a t h  u n d e r  d i m i n i s h e d  p r e s s u r e  ( w a te r - p u m p ) .  !
The r e s i d u a l  l i q u i d  c o u ld  n o t  be  in d u c e d  t o  s o l i d i f y ;  i t  was ;
d i s t i l l e d ,  and th e  f o l l o w i n g  f r a c t i o n  was c o l l e c t e d :  j
f r a c t i o n b . p . w e i g h t n§5
< i)
The r e s i d u  
a t  /  IS  mm 
t e m p e r a t u r
1 6 3 - 1 6 8 ° /  18mm. 
e d i d  n o t  d i s t i l  
l . , b a t h  
e 200°
1 5 . Og. 
n e g l i g i b l e
1 .44 5 0
. , ....... ■ -
3 .  1 , 3 - D i - i o d o p r o p a n e . -  T h i s  was p r e p a r e d  a c c o r d i n g  to  th e  I
method fo un d  i n  V o g e l ' s  'T e x tb o o k  o f  P r a c t i c a l  O r g a n ic  
C h e m i s t r y ' ,  p .  2SS ( 3 r d .  E d i t i o n ) ,  f rom  r e d  p h o s p h o r o u s ,  
t f l m e t h y l o n e c g l y e o l  and i o d i n e .  A l i q u i d  was o b t a i n e d  o f  b . p .  j
1 0 3 - 1 0 9 ° /  16mm. j
4 .  A t t e m p te d  p r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  d i e t h y l  1 , 4 - d i o x e p a n  j
- 2 , 3 - d i c a r b o x y l a t e . -  ( a )  1 , 3 - D i - i o d o p r o p a n e  ( 2 3 . 3 g . ,  0 .0 7 9
. - 7 4 -
m o le )  and d i e t h y l  (”f c ) - t a r t r a t e  ( 1 7 .2 g „ ,  0 .0 8 3  m o l e ) were  
d i s s o l v e d  i n  b en ze n e  (150ml.  ) and t h e  s o l u t i o n  s t i r r e d  '• 
v i g o r o u s l y *  S i l v e r  o x i d e  ( 5 g . )  was  added  w i t h o u t  any a p p a r e n t  
r e a c t i o n .  The r e a c t i o n  m i x t u r e  was h e a t e d  on a s t e a m - b a t h  f o r  
1 m i n u t e ,  a f t e r  which  a r e a c t i o n  s t a r t e d  and c o n t i n u e d  d u r i n g  
f u r t h e r  a d d i t i o n s  o f  s i l v e r  o x id e  (5g .  p o r t i o n s ,  t o t a l  6 0 g . ,
0 . 2 6  m o le ) ;  i m m e d ia t e l y  th e  l a s t  p o r t i o n  o f  s i l v e r  o x id e  was 
added  t h e  m i ld  r e a c t i o n  c e a s e d .
The r e a c t i o n  m i x t u r e  was b o i l e d  u n d e r  r e f l u x  f o r  3 f  h o u r s  
a p p a r e n t l y  w i t h o u t  ch an g e .  A f u r t h e r  p o r t i o n  o f  s i l v e r  o x id e  
( 3 7 g . )  was a d d e d ,  w i t h  s t i r r i n g  and h e a t i n g ,  d u r i n g  15 m i n u t e s ,  
t o g e t h e r  w i t h  b e n ze n e  ( 5 0 m l . )  i n  o r d e r  t o  f a c i l i t a t e  s t i r r i n g .
The r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  b e n z e n e  ( 5 0 m l . ) ,  
f i l t e r e d ,  and t h e  f i l t r a t e  d r i e d  (NagSOq); t h e  r e s i d u e  had  t h e  
c o l o u r  and t e x t u r e  o f  s i l v e r  o x i d e .  Benzene was removed f rom  
th e  f i l t r a t e  on t h e  s t e a m - b a t h  u n d e r  d i m i n i s h e d  p r e s s u r e  ( 
w a te r - p u m p ) .  The r e s u l t a n t  l i q u i d  r e s i d u e  d i d  no$ s o l i d i f y  on 
c o o l i n g  and s t a n d i n g ;  i t  was d i s t i l l e d  and t h e  f o l l o w i n g  
f r a c t i o n s  c o l l e c t e d :
f r a c t i o n b . p . w e ig h t
( i )
( i i )
( i i i )
The r e s i d u e  
18. mm., b a t t
1 0 4 ° /  16 ram. 
1 1 2 ° /  IS  mm. 
1 5 4 ° /  17 mm. 
d i d  n o t  d i s t i l  a t  /  
i t e m p e r a t u r e  210°•
2.  3 g . 
l * 4 g .  ■ 
1 1 . 7g .
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On a d d i t i o n  o f  t h e  r e s i d u e  t o  aqueo u s  ammonia ( s . g .  0 * 3 3 ) ,  a 
oream w h i t e  s o l i d  was p r e c i p i t a t e d  which  was i n s o l u b l e  i n  th e  
common o r g a n i c  s o l v e n t s , ,
The b . p .  o f  f r a c t i o n  ( i i i )  c o r r e s p o n d e d  w i t h  t h a t  o f  d i e t h y l  
( ~t" ) - t a r t r a t e  ( 1 6 5 ° /  19 mm. ) .
4 . -  (b )  S i l v e r  o x id e  ( 6 9 . 6 g „ ,  0*3 m o le )  was added t o  a  m i x t u r e  
o f  d i e t h y l  ( + ) - t a r t r a t e  ( 3 0 . 9 g . ,  0 . 1 5  m o le )  and 1 , 3 -  
d i - i o d o p r o p a n e  ( 4 4 . 4 g . ,  0 . 1 5  m o l e ) .  I n i t i a l l y  t h e r e  was no 
a p p a r e n t  r e a c t i o n ,  b u t  on s t a n d i n g  f o r  15 m i n u t e s ,  a v i o l e n t  
e x o th e r m i c  r e a c t i o n  o c c u r r e d ,  d u r i n g  which  th e  m a j o r i t y  o f  th e  
v o l a t i l e  r e a c t a n t s  and p r o d u c t s  were l o s t .
The m i x t u r e  was sh ak en  w i t h  e t h e r  ( 1 2 5 m l . ) ,  f i l t e r e d ,  and 
t h e  f i l t r a t e  was d r i e d  (MgSO^); t h e  r e s i d u e  had  t h e  a p p e a ra n c e  
o f  s i l v e r  o x i d e .  A f t e r  r e m o v a l  o f  t h e  e t h e r ,  t h e  l i q u i d  r e s i d u e  
was d i s t i l l e d  and t h e  f o l l o w i n g  f r a c t i o n s  were  c o l l e c t e d :
f r a c t i o n b . p . w e i g h t
■ ■ ■ ,
( i )
( i i )
( i i i )
The r e s i d u e  
2 mm., b a t t
5 8 - 7 2 ° /  2 mm. 
1 2 3 - 1 3 2 ° /  2 mm. 
1 4 0 - 1 4 1 ° /  2 mm. 
d i d  n o t  d i s t i l  a t  /  
t e m p e r a t u r e  200°
1 . 9 g .
6 *6g.
0 . 7g .
4 .  8 g .
f r a c t i o n c o l o u r 25110° L a s s a i g n e  t e s t  
f o r  i o d i n e
r e a c t i o n  
w i t h  Na.
( i )
( i i )
( i i i )
r e s i d u e
y e l l o w
c o l o u r l e s s
c o l o u r l e s s
.
1 .4 5 4 1
p o s i t i v e
n e g a t i v e
n e g a t i v e
n e g a t i v e
r e a d i l y
s l u g g i s h l y
s l u g g i s h l y
none
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F r a c t i o n  ( i i ) ( l g . )  -was h e a t e d  on a  s t e a m - b a t h  w i t h  aqueous  
sodium h y d r o x i d e  ( 5 0 m l . ,  20%) f o r  30 m i n u t e s ,  a f t e r  which  t h e r e  
r e m a in e d  a n e g l i g i b l e  amount u n d i s s o l v e d .  H y d r o c h l o r i c  a c i d  
(31T) was added u n t i l  t h e  s o l u t i o n  was j u s t  a c i d  t o  l i t m u s ,  and 
th e  m i x t u r e  was e v a p o r a t e d  t o  d r y n e s s  on a  s t e a m - b a t h .  The d r y  
r e s i d u e  was d i s s o l v e d  i n  a c e t o n e  ( 5 m l . ) .  E v a p o r a t i o n  o f  t h e  
f i l t e r e d  s o l u t i o n  u n d e r  d i m i n i s h e d  p r e s s u r e  ( w a te r - p u m p ), l e f t  
a  n e g l i g i b l e  amount o f  a  y e l l o w  w a t e r - s o l u b l e  o i l .
B o th  th e  b . p .  and r e f r a c t i v e  i n d e x  o f  f r a c t i o n  ( i i )  were  
g r e a t e r  t h a n  t h e  v a l u e s  f o r  d i e t h y l  ( - i - ) - t a r t r a t e .
4 . -  ( c )  D i e t h y l  ( 4 ~ ) - t a r t r a t e  ( 8 . 5 g . ,  0 .0 3 9  m o le )  was added  t o
1 , 3 - d i - i o d o p r o p a n e  ( 1 2 .7 g « ,  0 .0 3 9  m o l e ) ,  and th e  m i x t u r e  was 
s t i r r e d  v i g o r o u s l y  and h e a t e d  t o  a p p r o x i m a t e l y  9 0 ° .  S i l v e r  
o x id e  ( 2 0 g . ,  0 .0 8 1  m o le )  was added to  t h e  s t i r r e d  m i x t u r e  i n  
s m a l l p o r t i o n s  ( c a .  2 . 5 g .  ) o v e r  a p e r i o d  o f  2 h o u r s ,  e ach  
a d d i t i o n  p r o d u c i n g  a v i o l e n t  e x o th e r m i c  r e a c t i o n .
The m i x t u r e  was shaken  w i t h  e t h e r  ( 1 0 0 m l . ) ,  and th e  
f i l t e r e d  e t h e r e a l  e x t r a c t  was d r i e d  (MgS04 ); the  r e s i d u e  had t h e  
a p p e a r a n c e  o f  s i l v e r  o x i d e .  A f t e r  r e m o v a l  o f  th e  s o l v e n t ,  t h e  
r e s i d u e ,  a  p a l e  y e l l o w  o i l ,  was d i s t i l l e d  and t h e  f o l l o w i n g  
f r a c t i o n s  c o l l e c t e d :
f r a c t i o n b . p . b . p .  a t  2 rum. 
( e x t r a p o l a t e d  )
b . p . /  2 mm. o f  
f r a c t i o n s  i n  4 ( b )
T D
( i i )
( i i i )
The r s s i  
■ 2 1 0 ° .
62—67°y 1.7mm. 
1 1 3 - 1 3 2 ° /  1.7mm. 
1 3 4 - 1 7 0 ° /  1.7mm. 
due d i d  n o t  d i s t i
6 6 -7 2 °
1 2 2 -1 3 5 °
1 3 7 -17 4 °
1 a t  /  1 .7  mm.,
68-7 2° 
1 2 8 -1 32 °  
140 -1 4 1 °  
b a t h  t e m p e r a t u r e
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f r a c t i o n w e i g h t c o l o u r - r f L a s s a i g n e  t e s t  
f o r  i o d i n e
( i )
( i i )
( i i i )
r e s i d u e
3 . 3 g .
4 . 8 5 g . 
0 .8 5 g .  
l . S g .
o ra n g e
y e l l o w
y e l l o w
o ra n g e
1 .4 5 6 1
p o s i t i v e
n e g a t i v e
n e g a t i v e
n e g a t i v e
F r a c t i o n  ( i i ) ( l g . )  was h e a t e d  on a  s t e a m - b a t h  w i t h  an  e x c e s s  
o f  a q u e o u s  sod ium  h y d r o x i d e  (10%, 5 0 m l . )  f o r  2-g- h o u r s ,  A f t e r  
t h i s  t im e  some m a t e r i a l  re m a in e d  u n d i s s o l v e d . The m i x t u r e  was 
sh ak en  w i t h  e t h e r ,  and t h e  e t h e r e a l  e x t r a c t  was r e j e c t e d .  
H y d r o c h l o r i c  a c i d  (3N) was added  t o  t h e  a q u eo u s  r e s i d u e  u n t i l  
i t  was a c i d  t o  l i t m u s ;  no c r y s t a l l i n e  m a t e r i a l  s e p a r a t e d  on 
c o o l i n g  th e  s o l u t i o n  t o  5 ° .  The s o l u t i o n  was t h e n  e v a p o r a t e d  
t o  d r y n e s s  on a s t e a m - b a t h ;  t h e  r e s i d u e  was sh a k en  w i t h  a c e t o n e  
( 1 0 m l . ) ,  and t h e  f i l t e r e d  a c e t o n e  e x t r a c t  e v a p o r a t e d  to  d r y n e s s  
u n d e r  d i m i n i s h e d  p r e s s u r e  ( w a te r - p u m p ) .  A v e r y  s m a l l  q u a n t i t y  
( c a .  O . l g . )  o f  an  o i l  r e m a in e d .  T h i s  o i l  gave  t h e  f o l l o w i n g  
r e a c t i o n s :
( i )  I t  was s o l u b l e  i n  w a t e r  ( s o l u t i o n ,  a c i d  to -C ongo  r e d ) ,  
b u t  i n s o l u b l e  i n  b e n z e n e .
( i i )  I t  l e f t  no r e s i d u e  on i g n i t i o n .
( i i i )  On a d d i t i o n  o f  a q u e o u s  l e a d  n i t r a t e ,  a  p r e c i p i t a t e  
fo rm ed  w h ich  r e d i s s o l v e d  i n  e x c e s s  o f  t h e  r e a g e n t .
( i v )  The a d d i t i o n  o f  a q u eo u s  b a r i u m  c h l o r i d e  gave no 
p r e c i p i t a t e .
(v )  On t h e  a d d i t i o n ,  o f  n i t r i c  a c i d  (5N) and aq u eo u s  s i l v e r
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n i t r a t e ,  i t  gave- a c o p io u s  w h i t e  p r e c i p i t a t e  w hich  was 
i n s o l u b l e  i n  aqu eo u s  ammonia.
4 . -  (d )  D i e t h y l  (4 0 - t a r t r a t e  ( 3 3 g . ,  0 . 1 6  m o l e ) ,  s i l v e r  o x id e  
( 7 5 * 7 g . ,  0 .3 6  m o le )  and b e n z e n e  ( 1 0 0 m l . )  were  p l a c e d  i n  a 
t h r e e - n e c k e d  f l a s k ,  w h ich  was e q u ip p e d  w i t h  a m e r c u r y - s e a l e d  
s t i r r e r ,  a  d r o p p i n g - f u n n e l  and a r e f l u x  v / a t e r - c o n d e n s e r ; t h e  
l a t t e r  were  p r o t e c t e d  w i t h  c a l c i u m  c h l o r i d e  t u b e s .
The m i x t u r e  was h e a t e d  on a s t e a m - b a t h  u n t i l  t h e  b e n z e n e  
b o i l e d ;  t h e  s i l v e r  o x id e  was k e p t  i n  c o n s t a n t  m o t io n  by 
v i g o r o u s  s t i r r i n g .  At t h e  b . p .  o f  b e n ze n e  a r e a c t i o n  e n s u e d ,  
d u r i n g  w hich  an  i m m i s c i b l e  l i q u i d  was p ro d u c e d  and a s i l v e r  
m i r r o r  was d e p o s i t e d  on t h e . w a l l s  o f  t h e  f l a s k ;  1 , 3 - D i -  
i o d o p r o p a n e  (51g„ ,  0 . 1 6  m o le )  i n  b e n z e n e  (20ml.*) was t h e n  
added d r o p w i s e  d u r i n g  15 m i n u t e s  w i t h o u t  a p p a r e n t  r e a c t i o n . ’
C o n d i t i o n s  i n s i d e  t h e  f l a s k  were  i n  t h e  m ost  p a r t  
o b s c u r e d  by t h e  d e p o s i t  on t h e  w a l l s ,  b u t  a f t e r  3 h o u r s  b o i l i n g  
t h e  s o l i d  m a t e r i a l  became lumpy and s t i r r i n g  became i n e f f e c t i v e .  
The m i x t u r e  7ias a l lo w e d  t o  b o i l  f o r  a f u r t h e r  5 h o u r s .
The h e a t i n g  and s t i r r i n g  were  c o n t i n u e d ,  t h e  s t i r r e r  b e i n g  
r e p l a c e d ,  by  a more p o w e r f u l  o n e ,  and an  a z e o t r o p e  m i x t u r e  
s e p a r a t o r  v/as i n c o r p o r a t e d  i n  t h e  a p p a r a t u s .  A f t e r  3 h o u r s  an  
i m m i s c i b l e  l i q u i d  ( 1 0 m l . ,  p r o b a b l e  w a t e r )  had  b e e n  s e p a r a t e d ,  
and t h e n  d u r i n g  5J- h o u r s ,  b e n z e n e  ( 51ml. ) was d i s t i l l e d  and 
removed v i a  t h e  s e p a r a t o r ,  t h e  s t i r r e r  b e i n g  s t i l l  e f f i c i e n t .
The s t i r r i n g  and h e a t i n g  were  s to p p e d  and t h e  r e a c t i o n  m i x t u r e  
was f i l t e r e d  c o l d .  The r e s i d u e  vms washed w i t h  b e n z e n e
-7 9 -
p r e v i o u s l y  s e p a r a t e d  t o g e t h e r  w i t h  t h e  same s o l v e n t  ( 4 * 5 0 m l . ); 
t h e s e  w a s h in g s  were  combined w i t h  t h e  f i l t r a t e  which  was then,  
d r i e d  (MgSO^).
Benzene was removed by d i s t i l l a t i o n  and th e  r e s i d u e ,  a 
y e l l o w  o i l ,  was d i s t i l l e d  and th e  f o l l w i n g  f r a c t i o n s  were 
c o l l e c t e d :
f r a c t i o n b . p .
( i )
( i i )
( i i i )
The r e s i d u e  
/  ■ 2 mmo, ba
64-7 6 ° /  2 mm. 
7 6 - 1 2 0 ° /  2 m i . 
1 2 4 - 1 3 3 ° /  2 mm. 
d i d  n o t  d i s t i l  a t  
t h  t e m p e r a t u r e  1 5 0 ° .
The d i s t i l l a t e s  and r e s i d u e  were  rec o m b in e d  ( u s i n g  b e n ze n e  t o  . 
f a c i l i t a t e  t h e  t r a n s f e r  o f  t h e  m a t e r i a l ) .  A f t e r  r em o v a l  o f  t h e  
b e n z e n e  by  d i s t i l l a t i o n ,  t h e  r e s i d u e  was d i s t i l l e d  th r o u g h  a 
V ig r e u x  column (!■§•” ) ,  and t h e  f o l l o w i n g  f r a c t i o n s  were  c o l l e c t e d :
f r a c t i o n b . p . w e ig h t L a s s a i g n e  t e s t  
f o r  i o d i n e
c o l o u r
( i )
( i i )
( i i i )
The r e  sic 
a t  /  1 mi
I 1 9 5 ° ,  bu-
6 0 - 6 4 ° /  1 mm. 
1 0 3 - 1 2 0 ° /  1 mm. 
1 2 2 - 1 4 0 ° /  1 mm. 
lue d i d  n o t  d i s t i l  
a, , b a t h  t e m p e r a t u  
b b e g an  t o  decompc
1 7 . Og.
1 8 , 2g.
2.8go
\ ^ 8 . 9 5 g .
. r e \
?
>se .|
p o s i t i v e
n e g a t i v e
n e g a t i v e
n e g a t i v e
c o l o u r l e s s  
p a l e  s t r a w  
y e l l o w  
i a r k  brown
5 .  A t t e m p te d  p r e p a r a t i o n  o f  d i e t h y l  1 , 4 - d i o x a n - 2 , 5 -  
d i c a r b o x y l a t e S i l v e r  o x i d e  ( 2 3 . 2 g . ,  0 . 1  m o l e ) ,  e t h y l e n e
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g l y c o l  ( 6 . 2 g . ,  0 . 1  m o le )  and a c e t o n e  (150ml.  ) ' were p l a c e d  i n  
a  t h r e e - n e c k e d  f l a s k  e q u ip p e d  w i t h  a m e r c u r y - s e a l e d  s t i r r e r ,  
a  d r o p p i n g - f u n n e l  and a r e f l u x  w a t e r - c o n d e n s e r ; c a l c i u m  c h l o r i d e  
t u b e s  p r o t e c t e d  t h e  two l a t t e r .  C a lc ium  s u l p h a t e  ( 2 0 0 g . ,  
a n h y d r o u s ,  h e a t e d  a t  500° f o r  2 h o u r s )  and i o d i n e  ( 5 g . )  were  
t h e n  added  to  t h e  m i x t u r e ,  f o l l o w e d  b y a a  s o l u t i o n  o f  d i e t h y l  
( n i ) - l , 2 - d i b r o m o  s u c c i n a t e  :( :33.4g. ,  0 . 1  m o le )  i n  a c e t o n e  ( 5 0 m l . )  
w h ich  was added d ro p v / ise  w h i l s t  t h e  m i x t u r e  was s t i r r e d  
v i g o r o u s l y .
The brown c o l o u r  o f  s i l v e r  o x id e  had  d i s a p p e a r e d  a f t e r  5 
h o u r s  s t i r r i n g ,  which  was t h e n  s to p p e d  a f t e r  a  f u r t h e r  18 
h o u r s .  The r e a c t i o n  m i x t u r e  was f i l t e r e d  and t h e  f i l t r a t e  was 
d r i e d  (MgSO^). A ce to n e  was removed by d i s t i l l a t i o n ,  and t h e  
l i q u i d  r e s i d u e  was d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  
c o l l e c t e d :
f r a c t i o n b . p . w e i g h t
( i )
( i i )
( i i i )
T here  was n<
6 2 - 9 4 ° /  0 . 5  mm. 
9 4 - 1 0 2 ° /  0 . 5  mm. 
1 0 2 - 1 0 3 ° /  0 . 5  ram. 
d r e s i d u e .
6 .0 g .
7 . 5 g .  
2 2 . 4g.
F r a c t i o n  ( i )  e f f e r v e s c e d  w i t h  sodium and gave v i o l e t  v a p o u r s  
( i o d i n e )  on f u s i o n  w i t h  sodium.
F r a c t i o n  ( i i i )  c o n s t i t u t e d  t h e  m ain  b u l k  o f  t h e  d i s t i l l a t e .
I t s  b . p .  c o r r e s p o n d e d  w i t h  t h a t  o f  d i e t h y l  (_ ± ) -d ib r o m o s u c c in a t e .
P a r t  I C :
1 .  D i e t h y l  b r o m o m a lo n a t e . -  T h i s  compound ( b . p .  1 2 3 - 1 2 6 ° /  17mm.)
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was p r e p a r e d  a c c o r d i n g  to  t h e  method o f  P a lm e r  and McWherter  
(Org .  S y n . ,  C o l l .  V o l s .  1 , 2 4 5 ) .
2 . P r e p a r a t i o n  o f  t h e  d i s o d i o - d e r i v a t i v e  o f  e t h y l e n e  g l y c o l . -  
T h is  was p r e p a r e d  f rom  sodium and e t h y l e n e  g l y c o l  by t h e  method 
o f  Sho Mamedor ( T rudy .  Akad. Nank. S . S . P .  A z e r b a id z h a n .  F i l i a l . , 
1933,  55 ,  1 8 7 -19 2 ;  Chem' A h s . , 1941,  35, 1380)  by  r e f l u x i n g  i n  
a n i l i n e  and s u b s e q u e n t  w a sh in g  w i t h  e t h e r .
3* .A t tem p ted  p r e p a r a t i o n  o f  t e t r a e t h y l  b i s (m e th y le n e o x y m a lo n a te  ) . 
-  ( a )  Sodium ( 4 . 6 g . ,  0 . 2  m o le )  and e t h y l e n e  g l y c o l  ( 6 * 2 g . ,
0 . 1  m o le )  were  s t i r r e d  i n  t o l u e n e  ( 5 0 m l . ) .  A f t e r  t h e  i n i t i a l  
r e a c t i o n  had  c e a s e d ,  t h e  t o l u e n e  was b o i l e d  u n d e r  r e f l u x  f o r  
1-J- h o u r s .  The m i x t u r e  was c o o l e d ,  and a s o l u t i o n  o f  d i e t h y l  
b rom om alona te  ( 4 7 . 8 g . ,  0 . 2  m o le )  i n  t o l u e n e  (3 0 m l . )  was added 
d r o p w i s e ,  a t  room t e m p e r a t u r e  d u r i n g  40 m i n u t e s .  The t e m p e r a t u r e  
o f  t h e  m i x t u r e  r o s e  to  a p p r o x i m a t e l y  80°  and r e t u r n e d  t o  room 
t e m p e r a t u r e  a f t e r  60 m i n u t e s .  The s t i r r i n g  was s t o p p e d  and an  
o ra n g e  s o l i d  s e p a r a t e d  l e a v i n g  a  r e d  l i q u i d .  The s o l i d  was 
f i l t e r e d  o f f  and w a s h e d 'w i t h  t o l u e n e ;  t h e  w a sh in g s  and f i l t r a t e  
were com bined .  T o luene  was removed on a w a t e r - b a t h  ( 4 0 - 5 0 ° )  
u n d e r  d i m i n i s h e d  p r e s s u r e  ( w a te r - p u m p ),  and t h e  r e s i d u e  was 
d i s t i l l e d  t h r o u g h  a V ig re u x  column (l§-f?) .  The f o l l o w i n g  
f r a c t i o n s  were  c o l l e c t e d :
f r a c t i o n b . p . w e ig h t c o l o u r 1 25 nD
( i ) 9 8 - 1 1 5 ° /  16 mm. 2 . 1 g . c o l o u r l e s s 1 .4299
( i i ) 7 0 - 9 0 ° /  0 . 1  mm. 0 .5g„ ?»
( i i i ) 1 2 0 - 1 6 4 ° /  0 . 1  mm. 4 . 2g. i? 1 .4 4 5 9
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The r e s i d u e  d i d  n o t  d i s t i l  a t  1 6 . 7g .  brown
/  0 . 1  mm.j b a t h  t e m p e r a t u r e  220° .
f r a c t i o n r e a c t i o n  w i t h  
sodium
L a s s a i g n e  t e s t  f o r  
b rom ine
( i )
( i i )
( i i i ) none
e v o l u t i o n  o f  a g a s  p o s i t i v e
p o s i t i v e
n e g a t i v e
R e s id u e none n e g a t i v e
The r e s i d u e  d i d  n o t  s o l i d i f y  on t r i t u r a t i o n  w i t h  l i g h t  p e t r o l e u m  
( b . p .  4 0 - 6 0 ° ) .
P a r t i a l  c r y s t a l l i s a t i o n  o f  f r a c t i o n  ( i i i )  was i n d u c e d .  The 
s o l i d  was i s o l a t e d  and r e c r y s t a l l i s e d  r e p e a t e d l y  f ro m  e t h a n o l /  
w a t e r  and l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° )  to  m .p .  5 4 . 5 - 5 5 . 0 ° *  
T h i s  c r y s t a l l i n e  m a t e r i a l  was e x t r e m e l y  s o l u b l e  i n  c h lo r o f o r m ,  
s o l u b l e  i n  e t h a n o l ,  b e n z e n e ,  a c e t o n e  and c a rb o n  t e t r a c h l o r i d e .
3 . -  (b )  The d i s o d i u m  d e r i v a t i v e  o f  e t h y l e n e  g l y c o l  ( 1 1 . 5 g . ,  
0 . 1 0 8  m o le )  was p l a c e d  i n  e t h e r  (100ml.  ) i n  an  a p p a r a t u s ,  
p r o t e c t e d  w i t h  c a l c i u m  c h l o r i d e  t u b e s ,  which  was c o o le d  i n  a 
b a t h  o f  i c e  and s a l t .  The m i x t u r e  v/as s t i r r e d  and d i e t h y l  
b rom om alona te  ( 4 7 .S g « ,  0 . 2  m o le )  i n  e t h e r  (25ml.  ) was added 
d u r i n g  1-J- h o u r s ,  t h e  r e a c t i o n  m i x t u r e  becom ing  w a rn .  I t  was 
s t i r r e d  f o r  4 h o u r s  and t h e n  b o i l e d  u n d e r  r e f l u x  f o r  30 m i n u t e s .  
S t h e r  y/as removed by d i s t i l l a t i o n  f rom  t h e  f i l t r a t e  f rom  th e  
c o ld  r e a c t i o n  m i x t u r e ,  and t h e  l i q u i d  r e s i d u e  was d i s t i l l e d ,  
t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  c o l l e c t e d :
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f r a c t i o n
.............. .......... ..................................... ...........
b . p . w e ig h t
.........................................................
( i )
( i i )
( i i i )
The r e s i c  
a t  /  0.0!: 
2 1 0 ° .
9 0 - 1 1 5 ° /  12 mm. 
1 1 7 - 1 2 2 ° /  12 mm.
1 2 2 - 1 5 0 ° /  0 . 0 5  mm.
iue d i d  n o t  d i s t i l  
5 mm. , b a t h  t e m p e r a t i
h
t
j  6 . 0 g .  
3 . 6 g .
6 .  6g. 
ireT"”'
Two i m m is c ib l e  
l i q u i d s  i n  b o t h  
f r a c t i o n s ,
S o l i d i f i e d  on 
s t a n d i n g  to  c r y s t a l s  
rn.p , 3 0 - 4 7 ° .
Did n o t  c r y s t a l l i s e  
on t r i t u r a t i o n  w i t h  
l i g h t  p e t r o l e u m  
( b . p ,  4 0 -60 °
The s o l i d  f r a c t i o n  ( i i i )  a f t e r  s u c c e s s i v e  c r y s t a l l i s a t i o n s  f rom  
aq u eo u s  e t h a n o l  and l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° )  gave  
c o l o u r l e s s  n e e d l e s ,  rn .p.  5 4 . 5 - 5 5 . 5 ° ,
3 . -  ( c )  The above e x p e r i m e n t  was r e p e a t e d  u s i n g  h a l f  q u a n t i t i e s *  
b u t  w i t h o u t  b o i l i n g  u n d e r  r e f l u x .  T h i s  l e d  t o  t h e  f o l l o w i n g  
f r a c t i o n :  b . p .  4 2 - 6 0 ° /  0 . 5  mm.
The r e s i d u e  d i d  n o t ' d i s t i l  a t  /  0 . 5  mm. , b a t h  t e m p e r a t u r e  
1 3 0 ° ,  and p a r t l y  c r y s t a l l i s e d  on s e e d i n g  w i t h  c r y s t a l s  o b t a i n e d  
f rom  t h e  p r e v i o u s  e x p e r i m e n t .  The s o l i d  ( 2 . 9 g . )  was i s o l a t e d  
and on  s u c c e s s i v e  c r y s t a l l i s a t i o n s  f rom  a qu eo u s  e t h a n o l  and t h e n  
l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° )  gave c o l o u r l e s s  n e e d l e s ,  rn .p .  
5 4 * 5 - 5 6 .5 ° ,  o f  t e t r a e t h y l  e t h y l e n e t e t r a c a r b o x y l a t e  (Found:
0, 5 3 .5 3 ;  Ii,  6 . 4 0 .  c i4Hgo0 8 re ( l'u i r e s  5 3 . 1 8 ;  H, 6 .3 3 % ) .  The 
r e c o r d e d  rn .p .  o f  t h i s  e s t e r  i s  5 4 . 5 - 5 6 . 5 °  (C a rs o n ,  Hazen and 
Thomas, J . Amer, Chem. S o c . ,  1928,  5(3, 9 1 3 ) .
The c r y s t a l l in e  product *
( a )  d e c o l o u r i s e d  b rom ine  i n  g l a c i a l  a c e t i c  a c i d ;
( b ) d e c o l o u r i s e d  an a c i d  s o l u t i o n  o f  p o t a s s i u m  
p e rm a n g a n a te  on warming;
( c )  d e c o l o u r i s e d  p o t a s s i u m  p e rm a n g an a te  i n  a c e t o n e ;
(d)  gave  no c o l o u r a t i o n  w i t h  aqueous  f e r r i c  c h l o r i d e
( e )  gave  no p r e c i p i t a t e  w i t h  B r a d y Ts r e a g e n t .
4 .  A t t e m p te d  p r e p a r a t i o n  o f  d i e t h y l  b i s ( m e t h y l e n e o x y a c e t a t e  ) . -  
D i s o d i o - d e r i v a t i v e  o f  e t h y l e n e  g l y c o l  ( 1 0 . 6g . ,  0 . 1  m o le )  was 
s t i r r e d  i n  e t h e r  ( 5 0 m l . )  w h i l s t  e t h y l  c h l o r o a c e t a t e  ( 2 5 . 4 g . ,
0 . 2  m o le )  i n  e t h e r  ( 7 5 m l . )  was i n t r o d u c e d  d u r i n g  40 m i n u t e s .  
There  was no i n c r e a s e  i n  th e  t e m p e r a t u r e  o f  t h e  r e a c t i o n  
m i x t u r e  a f t e r  10 m i n u t e s .  The e t h e r  s o l u t i o n  was b o i l e d  u n d e r  
r e f l u x  f o r  30 m i n u t e s ;  t h e r e  a p p e a re d  t o  be  no e v i d e n c e  o f  a 
r e a c t i o n .
The c o ld  m i x t u r e  was f i l t e r e d ,  t h e  r e s i d u e  washed w i t h  
e t h e r  ( 2 5 m l . ) ,  and th e  f i l t r a t e  and w a s h in g s  combined .  The 
r e s i d u e  gave  a p o s i t i v e  t e s t  f o r  i o n i s a b l e  h a l o g e n .  The 
e t h e r e a l  s o l u t i o n  was d r i e d  (NagSO^.), f i l t e r e d ,  and t h e  e t h e r  
was removed f rom  t h e  f i l t r a t e  by d i s t i l l a t i o n  l e a v i n g  a l i q u i d  
r e s i d u e  w h ich  gave  t h e  f o l l o w i n g  f r a c t i o n s  on d i s t i l l a t i o n :
f r a c t i o n b . p . w e ig h t
( i )
( i i )
The res idu <  
/  14 mm.,
4 4 - 4 5 ° /  15 mm. 
1 0 2 - 1 3 0 ° /  14 mm.
3 d i d  n o t  d i s t i l  a t  
o a th  t e m p e r a t u r e  1 9 0 ° .
5 . 8 g .  
3 .  5 g .
2 5 . Og.
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F r a c t i o n  ( i )  had  b , p .  c o r r e s p o n d i n g  w i t h  t h a t  o f  e t h y l  
c h l o r o a c e t a t e  ( 4 5 ° /  15 mm.).
F r a c t i o n  ( i i )  d e c o l o u r i s e d  b rom in e  i n  c a rb o n  t e t r a c h l o r i d e ,  
r e a c t e d  v i o l e n t l y  w i t h  sodium, and gave a p o s i t i v e  t e s t  f o r  
h a l o g e n  ( L a s s a i g n e - t e s t ) .
P a r t  ID:
(i)1 .  P r e p a r a t i o n  o f  d s - 1 , 2 - d i p h e n y l e t h y l e n e  g l y c o l  ( h y d r o b e n z o i n ) 0 
-  A s u s p e n s i o n  o f  b e n z o i n  (137g„ ) i n  e t h a n o l  ( 2 0 0 m l . )  was 
s t i r r e d  w i t h  Raney n i c k e l  ( 4 g . ,  B .D.H. tfs t a b i l i s e d f?) i n  t h e  
p r e s e n c e  o f  h y d ro g e n  ( i n i t i a l  p r e s s u r e ,  100  a t m . ) ;  t h e  
t e m p e r a t u r e  was k e p t  a t  8 0 - 1 0 0 °  d u r i n g  t h e  t im e  t h a t  th e  
p r e s s u r e  d e c r e a s e d  t o  t h e  c a l c u l a t e d  v a l u e  (50 a t m . ) .  At t h i s  
p o i n t  a  t e s t  p o r t i o n  (2m l . ) o f  t h e  r e a c t i o n  m i x t u r e  was added
to  B r a d y f s r e a g e n t ;  no p r e c i p i t a t e  was o b t a i n e d .
The r e a c t i o n  m i x t u r e  was f i l t e r e d  h o t ,  t h r e e  t i m e s ,  i n  
o r d e r  to  remove t h e  n i c k e l  c a t a l y s t ,  w hich  was i t s e l f  washed 
w i t h  e t h a n o l  ( 2 0 m l . ) .  E t h a n o l  was removed by  d i s t i l l a t i o n  f rom  
t h e  combined f i l t r a t e  and w a s h in g s  u n t i l  a  l i q u i d  r e s i d u e  
( 1 5 0 m l . )  r e m a in e d ,  f rom  w h ic h ,  on c o o l i n g ,  t h e r e  s e p a r a t e d  
c o l o u r l e s s  c r y s t a l s ,  rn.p. 1 3 3 - 1 3 6 . 5 ° ,  w hich  a f t e r  one 
r e c r y s t a l l i s a t i o n  f rom  e t h a n o l  had  rn.p. 1 3 5 - 1 3 6 . 5 °  ( 1 2 0 g . ,  64%). 
(The method was a d a p t e d  f ro m  t h a t  by Adkin  and Cramer,  J .  Amer. 
Chem. S o c . ,  1930 ,  52_, 4349)
2. A t t e m p te d  p r e p a r a t i o n  o f  2 , 3 - d i p h e n y l - l , 4 - d i o x a n . -  ( a )  To 
a m i x t u r e  o f  p y r i d i n e  ( 3 . 2 g . ,  0 . 0 4  m o le )  and 1 , 2 - d ib r o m o e th a n e  
( 3 . . 8 g , r 0 . 0 2  m o le )  i n  a  b a t h  o f  i c e  was added
c i ^ - 1 , 2 - d i p h e n y l e t h y l e n e  g l y c o l  ( X V m ,  4 . 3 g . ,  0 . 0 2  m o l e ) .  The 
m i x t u r e  was s t i r r e d  a t  8 5 ° ;  an  e x o th e r m i c  r e a c t i o n  cau se d  t h e  j 
t e m p e r a t u r e  t o  r i s e  to  1 1 5 ° .  A y e l l o w  s o l i d  was d e p o s i t e d ,  and 
on c o o l i n g  th e  m i x t u r e  c o n g e a le d  t o  a s t i c k y  p a s t e ;  t h i s  was 
sh a k e n  w i t h  e t h e r  ( 25ml. ) ,  and t h e  f i l t e r e d  e t h e r  e x t r a c t  d r i e d  
(KagSO^.)* Removal o f  t h e  e t h e r  by d i s t i l l a t i o n  l e f t  a  w h i t e  
s o l i d  ( 1 . 4 g . ) ,  rn.p. 1 3 3 - 1 3 5 . 5 ° ;  mixed w i t h  ( X V I I I ) ( 1 : 1 ) ,  rn.p. 
1 3 4 - 1 3 6 . 5 ° .
The r e s i d u e  f rom  t h e  e t h e r  e x t r a c t i o n  was added to  w a t e r  
( 1 0 0 m l . ) .  F i l t r a t i o n  o f  t h e  m i x t u r e  and c r y s t a l l i s a t i o n  o f  t h e  
r e s i d u a l  s o l i d  f rom a q ueo u s  e t h a n o l  f u r n i s h e d  w h i t e  c r y s t a l s  
(2 . 6g . ),  rn .p. 1 3 6 - 1 3 6 . 5 ° ;  mixed w i t h  ( X V I I I ) ( 1 : 1 ) ,  m .p .  1 3 6 -  
1 3 6 . 5 ° .
2 . -  Co) . 2- © l p h e i : y l e t i i y l e n e  g l y c o l  ( 4 . 3 g ,  , 0 , 0 2  m o le )
s t i r r e d  w i t h  sodium ( 0 . 9 g , , 0 - 0 4  m o le )  i n  b o i l i n g  b e n ze n e  ( 4 0 m l . ) i 
f o r  4 h o u r s  r e s u l t e d  i n  a  w h i t e  s l u d g e ,  t o  which  was added
1 , 2 - d i b r o m o e t h a n e  ( 3 . 8 g . ,  0 . 0 2  m o le )  i n  benze n e  ( 5 m l . )  d u r i n g  
5 m i n u t e s ;  h e a t i n g  and s t i r r i n g  were  c o n t i n u e d  f o r  a f u r t h e r  
7 h o u r s .  A l i q u i d  w i t h  a  l i t t l e  su sp en d e d  s o l i d  and a l s o  
b en ze n e  w a s h in g s  ( 20m l . )  were  d e c a n t e d  f rom  t h e  w h i t e  s l u d g e ;  
th e  combined b e n ze n e  s u s p e n s i o n s  were  sh a k en  w i t h  w a t e r  ( 5 0 m l . ) ;  
t h e  a q u e o u s  l a y e r  gave a p o s i t i v e  t e s t  f o r  i o n i s a b l e  h a l o g e n ;  
t h e  b e n z e n e  l a y e r  ( u p p e r )  was ?;ashed w i t h  w a t e r  ( 2 x 3 0 m l . ) ;  t h e  
a q u eo us  l a y e r  was sh ak en  w i t h  e t h e r  ( 2 0 m l . ) .  The combined 
e t h e r  and b e n ze n e  e x t r a c t s  were  d r i e d  (NagSO^). A f t e r  rem o v a l  
o f  t h e  s o l v e n t s ,  w h i t e  c r y s t a l s  r e m a in e d  ( 1 . 2 g . ) ,  m .p .  134-
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1 3 6 . 5 ° ;  mixed w i t h  ( X V I I I ) ( 1 : 1 ) ,  m .p .  1 3 4 - 1 3 5 ° .
3 .  A t tem p ted  p r e p a r a t i o n  o f  2 , 3 - d i p h e n y l - l , 4 - d i o x e p a n . -  ( a )
CD
O ^ s -1 , 2 - B i p h e n y l e t h y l e n e  g l y c o l  ( 4 . 3 g . ,  0 . 0 2  m o le )  s t i r r e d  
w i t h  sodium ( 0 . 9 g . ,  0 . 0 4  m o le )  i n  b o i l i n g  t o l u e n e  (6 0 m l . )  f o r  
1 h o u r  r e s u l t e d  i n  a  s u s p e n s i o n  o f  a w h i t e  s o l i d ,  t o  which  was 
added 1 , 3 - d i - i o d o p r o p a n e  ( p r e p a r a t i o n  on p .  7 3 . ,  5 . 6 g . ,  0 . 0 2  
m o le )  i n  t o l u e n e  ( 2 0 m l . ) d u r i n g  10 m i n u t e s .  The su spend ed  
s o l i d  became b l u e  i n  c o l o u r ;  t h i s  c o l o u r  l i g h t e n e d  d u r i n g  3 
h o u r s .  The m i x t u r e  was added  t o  w a t e r  (300ml*)  and shaken  w i t h  
e t h e r  ( 1 2 5 m l . ) ;  t h e  a q u eo us  l a y e r ,  which  gave  a p o s i t i v e  t e s t  
f o r  i o n i s a b l e  h a l o g e n ,  was r e j e c t e d ;  t h e  e t h e r e a l  l a y e r  ( u p p e r )  
was washed w i t h  w a t e r  (2 x 5 0 m l . )  and d r i e d  (NagSO^J. E t h e r  ?/as 
removed by d i s t i l l a t i o n  and from th e  c o ld  r e s i d u e  c o l o u r l e s s  
c r y s t a l s  T/ere d e p o s i t e d  ( 2 . 5 g . ) ,  m .p .  1 3 6 - 1 3 8 ° ;  mixed w i t h  
( X V I I I ) ( 1 : 1 ) ,  m .p .  1 3 5 . 5 - 1 3 7 ° .  The m o th e r  l i q u o r  f rom t h e s e  
c r y s t a l s  was e v a p o r a t e d  a t  d i m i n i s h e d  p r e s s u r e  (w a te r -p u m p )  to  
h a l f  i t s  vo lum e,  f rom  which  c r y s t a l l i s e d  a c o l o u r l e s s  s o l i d ,
(0 . 3 g . ) ,  m .p .  1 2 9 - 1 3 3 ° ;  mixed w i t h  ( X V I I I ) ( 1 : 1 ) ,  m .p .  1 3 0 - 1 3 3 ° ;  
t h e  f i l t r a t e  was a  c o l o u r l e s s  l i q u i d  w hich  had t h e  o d o u r  o f
1 , 3 - d i - i o d o p r o p a n e  and gave  a p o s i t i v e  t e s t  f o r  h a lo g e n  
( L a s s a i g n e  t e s t ) .
(03 . -  (b )  To a m i x t u r e  o f  C<s- 1 , 2 - d i p h e n y l e t h y l e n e  g l y c o l  
( 2 5 . 5 g . ,  0 . 1 5  m o le )  d i s s o l v e d  i n  h o t  b e n z e n e  ( 4 0 0 m l . ) ,  and 
s i l v e r  o x i d e  ( 6 9 . 6 g . ,  0 . 3  m o le )  was ad d ed ,  w i t h  s t i r r i n g  and 
w i t h o u t  a p p a r e n t  r e a c t i o n ,  1 , 3 - d i - i o d o p r o p a n e  ( 4 4 . 4 g . , 0 .1 5  
m o le )  d u r i n g  10 m i n u t e s ;  h e a t i n g  on a s t e a m - b a t h  was c o n t i n u e d
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f o r  12 h o u r s  d u r i n g  which an i m m i s c ib l e  l i q u i d  (4ml.  ), 
p r e s u m e a b ly  w a t e r ,  was removed v i a  an  a z e o t r o p e  s e p a r a t o r .  The 
m i x t u r e  was f i l t e r e d  h o t ,  and t h e  f i l t r a t e  d r i e d  (NagSOq). 
Removal o f  t h e  s o l v e n t  by d i s t i l l a t i o n ,  l e f t  a l i q u i d  r e s i d u e .  
When t h i s  was t r e a t e d  w i t h  a s a t u r a t e d  a q u eo us  s o l u t i o n  o f  
sod ium  b i s u l p h i t e , some r e a c t i o n  o c c u r r e d  .to  g i v e  a s o l i d  
a d d i t i o n  compound. A f t e r  i s o l a t i o n  t h i s  was decomposed w i t h  
aqueo u s  s u l p h u r i c  a c i d  and t h e  r e s u l t i n g  o r g a n i c  m a t e r i a l  d r i e d  
i n  an e t h e r e a l  s o l u t i o n  and p u r i f i e d  by d i s t i l l a t i o n  t o  y i e l d  
a  l i q u i d ,  b . p .  1 7 9 ° /  c a .  760 mm., w i t h  an odo u r  l i k e  t h a t  o f  
b e n z a l d e h y d e .
The " b i s u l p h i t e ” ; f i l t r a t e  p l u s  t h e  e t h e r  and e t h a n o l  
w a sh in g s  were  sh ak en  w i t h  e th e r -  ( 3 *20m i . )  and t h e  e t h e r e a l  
e x t r a c t  d r i e d  (WagSO^. The s o l v e n t s  were  removed by  
d i s t i l l a t i o n ,  a s i n g l e  f r a c t i o n  b e i n g  c o l l e c t e d :
f r a c t i o n b . p . w e ig h t a p p e a r a n c e  
and n-Q
t e s t  f o r  
i o d i n e
( i ) 1 2 5 - 1 2 8 ° /  0 . 5  mm. S . l g  o y e l l o w ,  
m o d e r a t e l y  
v i s c o u s  l i q u i d  
1 .5 3 0 2
n e g a t i v e
The r e s i d u e  d i d  n o t  d i s t i l  
a t  /  0 .5  mm., b a t h  
t e m p e r a t u r e  180°
24g .
•
d a r k  brown, 
v i s c o u s  l i q u i d
n e g a t i v e
T a b le  1 .
E x t r a c t i o n  o f  t h e  c r e a m - c o lo u r e d  s i l v e r  r e s i d u e  ( 1 3 4 g . )
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by e t h e r  ( 3 0 0 m l . )  i n  a  S o x h l e t  e x t r a c t o r  f o r  IS  h o u r s ;  f o l lo w e d  
by rem o v a l  o f  t h e  e t h e r  f u r n i s h e d  a brown o i l .  T h i s  was 
d i s t i l l e d ,  g i v i n g  a s i n g l e  f r a c t i o n  and a r e s i d u e :
f r a c t i o n b . p . w e i g h t a p p e a r a n c e n 25D
( i )
The r e s i  
a t  /  0 . 4
t e m p e r a t
1 1 2 - 1 1 5 ° /  0 . 4  mm.
due d i d  n o t  d i s t i l  
mm., b a t h  
a r e  1 8 0 ° .
0 .  5 g . 
n e g l i ­
g i b l e
y e l lo w  o i l  
brown
v i s c o u s  o i l
1 .5 2 6 1
j
T a b le  2 .
The r e m a i n i n g  s i l v e r  r e s i d u e  ( 1 2 9 g . ) ,  a f t e r  e t h e r  
e x t r a c t i o n ,  was warmed w i t h  s u l p h u r i c  a c i d  (3N, 200m l . )  on a 
s t e a m - b a t h  f o r  10 m i n u t e s .  The m i x t u r e  was f i l t e r e d  and t h e  
r e s i d u e  washed s u c c e s s i v e l y  w i t h  w a t e r  ( 2 >?20m l , ) ,  e t h e r  (208ml-..) 
h o t  w a t e r  ( 2 0 0 m l . )  and f i n a l l y  e t h e r  ( 1 0 0 m l . ) .  The a q ueo u s  and 
e t h e r e a l  e x t r a c t s  were  sha k en  t o g e t h e r  w i t h  t h e  s u l p h u r i c  a c i d  
f i l t r a t e ,  and t h e  r e s u l t i n g  a qu eo us  l a y e r  ( l o w e r )  was sh ak en  
w i t h  e t h e r  ( 2 * 2 0 m l . ) .  The e t h e r e a l  l a y e r  ( u p p e r ) ,  Trashed w i t h  
w a t e r  (2x 20m l . ) ,  was combined v / i th  th e  e t h e r e a l  w a sh in g s  and 
d r i e d  (Na^SOq.); e t h e r  was removed by d i s t i l l a t i o n  l e a v i n g  a 
c ream  c o l o u r e d  s o l i d  r e s i d u e  ( 0 . 5 g . ) ,  m .p .  1 0 3 - 1 0 7 ° ;  
r e c r y s t a l l i s a t i o n  tv / ice  f ro m  h o t  w a t e r  r a i s e d  th e  m .p .  to  
1 3 1 - 1 3 6 ° ;  mixed w i t h  ( X V I I I ) ( 1 : 1 ) ,  m .p .  1 3 1 - 1 3 6 . 5 ° .
( a )  To f r a c t i o n  ( i ) ( T a b l e  1 . ,  0 . 5 g . )  d i s s o l v e d  i n  
a c e t i c  a c i d  ( 5m l . )  was added i n  d r o p s ,  w i t h o u t  any a p p a r e n t  
r e a c t i o n ,  to  c o n c e n t r a t e d  n i t r i c  a c i d  ( 1 0 m l . ) .  The m i x t u r e  was 
h e a t e d  a t  a p p r o x i m a t e l y  50° f o r  10 m i n u t e s ,  and t h e n  p o u re d  on
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t o  c r a c k e d  i c e .  A y e l l o w  o i l  o f  t h e  same a p p e a r a n c e  a s  th e  
s t a r t i n g  m a t e r i a l  s e p a r a t e d .
(b)  To f r a c t i o n  ( i )  (T ab le  1 . ,  0 . 5 g . )  d i s s o l v e d  i n  
a c e t i c  a c i d  ( 4 m l . )  was added d r o p w i s e ,  w i t h o u t  any a p p a r e n t  
r e a c t i o n ,  t o  fum ing  n i t r i c  a c i d  ( 5 m l . ) #  The m i x t u r e  was h e a t e d  
a t  a p p r o x i m a t e l y  80° f o r  10 m i n u t e s  and t h e n  p o u red  on to  
c r a c k e d  i c e .  A y e l l o w  o i l  s e p a r a t e d  w h ich  d i d  n o t  s o l i d i f y .
( c )  The l i q u i d  o b t a i n e d  v i a  t h e  b i s u l p h i t e  compound 
y i e l d e d  a b r i g h t  o ra n g e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  when 
t r e a t e d  w i t h  B r a d y ’ s r e a g e n t .  A f t e r  two r e c r y s t a l l i s a t i o n s  f ro m  
e t h a n o l ,  t h i s  had m .p .  2 3 5 -23 6 °  ( c o r r e s p o n d i n g  w i t h  th e  
d e r i v a t i v e  f ro m  b e n z a l d e h y d e ) .
4 .  A t t e m p te d  p r e p a r a t i o n  o f  2 , 2 ’ - d i h y d r o x y - 1 , 2 - d i p h e n y l d i e t h y l
(O
e t h e r . -  C A s - l ,2 ~ B ) ip h e n y le th y le n e  g l y c o l  ( 4 . 3 g . ,  0 . 0 2  m o l e ) ,  
d i s s o l v e d  i n  h o t  t o l u e n e  ( 6 0 m l . ) ,  was s t i r r e d  w i t h  sodium 
( 0 . 5 g . , 0 . 0 2  m o le )  f o r  4 h o u r s  t o  g i v e  a  w h i t e  s l u d g e ,  t o  which  
was added  e t h y l e n e  c h l o r o h y d r i n  (1 . 6g . ,  0 . 0 2  m o le )  i n  t o l u e n e  
( 1 5 m l . )  d u r i n g  10 m i n u t e s .  An e x o th e r m i c  r e a c t i o n  o c c u r r e d ,  and 
th e  m i x t u r e  which  became y e l l o w  and o p a q u e ,  was s t i r r e d  f o r  
30 m i n u t e s .  The m i x t u r e  was sh a k en  w i t h  w a t e r  ( 1 8 0 m l . )  and 
e t h e r  ( 1 5 0 m l . ) .  The a q u eo us  l a y e r  (loYfer) was sh a k e n  w i t h  e t h e r  
(2 x20m l . )  and r e j e c t e d ;  t h e  e t h e r e a l  l a y e r ,  washed w i t h  w a t e r  
( 2 x 5 0 m l . ) , was combined w i t h  t h e  e t h e r e a l  w a s h in g s  and d r i e d  
(NagSOq); e t h e r  was removed by d i s t i l l a t i o n  l e a v i n g  a y e l l o w  
l i q u i d  f rom  w h ic h ,  on c o o l i n g ,  c o l o u r l e s s  p l a t e s  s e p a r a t e d ,  
m .p .  1 3 7 - 1 3 8 ° ;  mixed w i t h  ( X V I I I ) ( 1 : 1 ) ,  m .p .  1 3 7 - 1 3 9 ° .
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A f t e r  th e  f i l t r a t e  was h e a t e d  on a  s t e a m - b a t h ,  u n d e r  
s l i g h t l y  r e d u c e d  p r e s s u r e ,  a s o l i d  r e s i d u e  r e m a in e d ,  m .p .  135 -  
1 3 8 ° ;  mixed w i t h  ( X V I I I ) ( 1 : 1 ) ,  m .p .  1 3 5 - 1 3 8 ° .  The combined 
s o l i d s  amounted t o  3 . 5 g .
5 .  A t t e m p te d  p r e p a r a t i o n  o f  2 , 3 - d i p h e n y l ~ l , 4 - d i o x e p - 2 - e n e . -  
The d i p o t a s s i u m  s a l t  o f  1 , 2 - d i p h e n y l e t h y l e n e - l , 2 - d i o l  was 
p r e p a r e d  a c c o r d i n g  t o  t h e  method o f  S c h e u in g  and H e n s l e  (Ann. , 
1924,  4 4 0 , 72)  u s i n g  "benzoin ( 2 . 6 g . ,  l /SO m o le )  and p o t a s s i u m  
e t h o x i d e  i n  e t h a n o l .
The y e l l o w  p o t a s s i u m  s a l t ,  u n d e r  n i t r o g e n ,  was i n  t h i s  
c a s e  washed w i t h  "benzene u n t i l  t h e  w a s h in g s  were  no l o n g e r  
c o l o u r e d .  Benzene ( 2 0 m l . )  v/as a d d ed ,  f o l l o w e d  hy 1 , 3 - d i -  
i o d o p r o p a n e  ( 3 , 7 g . ,  l /S O  m o le )  i n  b e n ze n e  ( 2 0 m l . ) ,  added o v e r  
15 m i n u t e s ,  t h e  m i x t u r e  b e i n g  s t i r r e d  v i g o r o u s l y ;  i t  was t h e n  
b o i l e d  u n d e r  r e f l u x  f o r  2 h o u r s ,  d u r i n g  w hich  t h e  c o r a l - l i k e  
f o r m a t i o n  o f  s o l i d  b r o k e  up i n t o  f i n e  p a r t i c l e s .  The c o o le d  
m i x t u r e  was f i l t e r e d ;  t h e  r e s i d u e  ( 5 * 5 g . )  gave  an  im m edia te  
p o s i t i v e  t e s t  f o r  i o n i s a b l e  h a l o g e n ;  b e n z e n e  was removed by 
d i s t i l l a t i o n  f rom  t h e  f i l t r a t e  l e a v i n g  a  r e s i d u e  w hich  was 
d i s t i l l e d  t o  g i v e  a  s i n g l e  f r a c t i o n  and r e s i d u e :
f r a c t i o n b . p . w e i g h t c o l o u r  
and o d o u r
L a s s a i g n e  
t e s t  f o r  
i o d i n e
( i )
The r e s i d  
d i s t i l  a t
t e m p e r a t u
9 4 - 1 0 1 ° /  17 mm.
ue d i d  n o t  
/  17 mm., b a t h  
r e  1 7 0 ° ,
0 . 55g.  
0 .  5g.
c o l o u r l e s s
g a r l i c
y e l l o w
g a r l i c
p o s i t i v e
n e g a t i v e
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Bo t h  t h e  f r a c t i o n  ( i )  and t h e  r e s i d u e  d e c o l o u r i s e d  b rom ine  i n  
a c e t i c  a c i d .
( a )  A s t r e a m  o f  o z o n i s e d  oxygen  was l e d  i n t o  a 
s o l u t i o n  o f  f r a c t i o n  ( i ) ( 0 * 5 5 g . )  i n  c h l o r o f o r m  ( 5 0 m l . )  u n t i l  
ozone  was d e t e c t e d  i n  t h e  e x i t  g a s e s  (30 m i n u t e s ) .  The m i x t u r e  
was sh a k en  w i t h  z i n c  d u s t  (jca. 2g , ) ,  f i l t e r e d ,  and c h lo r o f o r m  
was removed f ro m  t h e  f i l t r a t e  by d i s t i l l a t i o n ,  l e a v i n g  a 
y e l l o w  o i l  w h ich  d i d  n o t  c r y s t a l l i s e  on s t a n d i n g .
The o i l  was d i s s o l v e d  i n  a c e t o n e / l i g h t  p e t r o l e u m  ( b . p .  4 0 -  
GO0 ) and t h e  s o l u t i o n  f i l t e r e d  t h r o u g h  a column o f  a lu m in a  ( 3 ” ) 
packed  i n  t h e  same s o l v e n t .  E v a p o r a t i o n  o f  t h e  e l u a t e  on a : 
s t e a m - b a t h  l e f t  a  y e l l o w  o i l  ( 0 . 5 m l . )  which  d i d  n o t  s o l i d i f y  
on s t a n d i n g  o v e r  c a l c i u m  c h l o r i d e  d u r i n g  3 m o n th s .
( b ) The p o t a s s i u m  s a l t  r e s i d u e  ( 5 . 5 g .  ) was d i s s o l v e d  
i n  w a t e r  (10m l . )  and a c i d i f i e d  t o  l i t m u s  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d ;  a  w h i t e  s o l i d  was p r e c i p i t a t e d  which  was d i s s o l v e d  when 
t h e  m i x t u r e  was sh a k e n  w i t h  e t h e r  ( 2 5 m l . ) ;  t h e  e t h e r e a l  l a y e r  
( u p p e r )  was Y/ashed w i t h  w a t e r  ( 1 0 m l . ) ,  d r i e d  (N a g S O ^ ,  and 
allov^ed to  e v a p o r a t e  a t  room t e m p e r a t u r e  l e a v i n g  a p a l e  yelloY* 
s o l i d  ( l . l g .  ) which  a f t e r  s u c c e s s i v e  r e c r y s t a l l i s a t i o n s  f rom 
a q u e o u s  e t h a n o l  had  m .p .  1 1 9 . 5 - 1 2 0 . 5 ° ;  i t  e f f e r v e s c e d  i n  aq u eo u s  
s o d i u m / b i c a r b o n a t e ; mixed w i t h  b e n z o i c  a c i d  ( 1 : 1 ) ,  m .p .  1 1 9 - 1 2 1 ° .
F a r t  I E :
1 .  A t t e m p te d  p r e p a r a t i o n  o f  2 , 3 - b i s - ( d i c a r b e t h o x y m e t h y l ) - l , 4 -  
d i o x a n . -  ( a )  T r a n s - 2 , 3 - d i c h l o r o - 1 , 4 - d i o x a n  (8 g . ,  0 . 0 5  m o le )  
( p r e p a r a t i o n  on p .  96 ) and d i e t h y l  m a l o n a t e  ( 1 6 g . ,  0 . 1  m o le )
were  h e a t e d  t o g e t h e r  on a  s t e a m - b a t h  f o r  20 m i n u t e s .  No e v o l u t i o n  
o f  h y d ro g e n  c h l o r i d e  was d e t e c t e d ,
1 , -  (b )  T r a n s - 2 , 5 - d i c h l o r o ~ l , 4 - d i o x a n  ( 1 . 6 g . ,  0 . 0 1  m o le )  w i t h  
d i e t h y l  m a l o n a t e  ( 3 . 2 g , ,  0 . 0 2  m o le )  and p y r i d i n e  ( 1 . 6 g . ,  0 . 0 2  
m o le )  were  h e a t e d  t o  1 0 0 ° f o r  1 h o u r ,  t h e  i n t e r n a l  t e m p e r a t u r e  
r e m a i n i n g  a t  l e s s  t h a n  1 0 0 ° .  On c o o l i n g  th e  m i x t u r e  d i d  n o t  
s o l i d i f y .
1 . -  ( c )  A s o l u t i o n  o f  m o n o sod io m a lon ic  e s t e r  i n  e t h a n o l  was 
p r e p a r e d  f rom d i e t h y l  m a lo n a t e  and sodium e t h o x i d e  a c c o r d i n g  to  
t h e  method o f  'T h ie lep a p e  and F i e l d e  ( B e r . ,  1933 ,  6j5, 1 4 6 0 ) .
T r a n s - 2 , 3 - d i c h l o r o - 1 , 4 - d i o x a n  ( 1 1 7 g . ,  0 . 7 5  m o le )  was added 
to  t h e  p r e p a r e d  s o l u t i o n  o f  m o n oso d io m a lo n ic  e s t e r  ( 1 . 5  m o le )  
o v e r  90 m i n u t e s  d u r i n g  which  th e  m i x t u r e  became y e l l o w  c o lo u r e d  
and o p a q u e ;  no h e a t  was e v o l v e d .  T h is  m i x t u r e  was h e a t e d  on a 
s t e a m - b a t h  f o r  45 m i n u t e s  d u r i n g  w hich  more s o l i d  was d e p o s i t e d ;  
th e  m i x t u r e  was t h e n  a c i d  to  l i t m u s .  As much e t h a n o l  a s  p o s s i b l e  
was removed frora t h e  m i x t u r e  by d i s t i l l a t i o n ;  t h e  r e s i d u e  was 
sh a k e n  w i t h  'water  (200m l.  ) r e s u l t i n g  i n  two l a y e r s ;  t h e  u p p e r  
o i l y  l a y e r ,  d r i e d  (NagSOA), was d i s t i l l e d ,  g i v i n g  one m ain  
f r a c t i o n  and a r e s i d u e :
f r a c t i o n b . p . w e ig h t
( i ) room temp. /  22 mm. n e g l i g i b l e w a t e r  s o l u b l e
( i i ) 1 0 1 - 1 0 3 ° /  82 mm. 6 4 . 2g . i t  had a s i m i l a r
odour  t o  d i e t h y l  
25m a l o n a t e ;  n^ 
1*4240;  c o l o u r l e s s
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The r e s i d u e  d i d  n o t  d i s t i l 5 1 . Og. a b l a c k  and v e r y
a t  /  22 mm., b a t h v i s c o u s  l i q u i d .
t e m p e r a t u r e  200° .
l . ~  (d )  A s o l u t i o n  o f  m o n o so d io m a lo n ic  e s t e r  ( 0 .5  m o le )  i n  
d i e t h y l  c a r b o n a t e  (2 3 0 m l . )  was p r e p a r e d  a c c o r d i n g  t o  t h e  method 
o f  W a l l i n g f o r d M e l v i n ,  Thorpe  and Iiomeyer (1 . Amer. Chem. S o c . ,  
1942,  64,  5 8 0 ) .
To t h i s  s o l u t i o n  was added  t r a n s - 2 , 3 - d i c h l o r o ~ l , 4 - d i o x a n  
(4 4 g c ,  0 . 2 8  m o le )  f f i t h  s t i r r i n g ,  d u r i n g  15 m i n u t e s ;  t h e r e  was 
no e v o l u t i o n  o f  h e a t  and no s o l i d  was p r e c i p i t a t e d .  The m i x t u r e  
was t h e n  h e a t e d  on a s t e a m - b a t h  ( s o l i d  was i m m e d ia t e l y  
p r e c i p i t a t e d )  f o r  16 h o u r s ,  d u r i n g  w h ich  i t  became d a rk - b r o w n  
c o l o u r e d  and i n c r e a s i n g l y  l e s s  a l k a l i n e  u n t i l  t h e  e x t e r n a l  
i n d i c a t o r  ( p h e n o l p h t h a l e i n )  change  was i n d i s t i n c t .  The m i x t u r e  
was sh a k en  w i t h  w a t e r  (1  1 . ) ,  a c e t i c  a c i d  (100m l . ) ,  and t h e n  
e t h e r  ( 4 0 0 m l . ) .  The a q u eou s  l a y e r  ( lo w o r )  was s h a k e n  w i t h  e t h e r  
( 2 0 0 m l . ) .  E t h e r  was removed f rom  t h e  combined e t h e r e a l  e x t r a c t s ,  
t h e  d i s t i l l a n d  was d r i e d  (MgSO^), and t h e  r e m a i n i n g  s o l v e n t  
( d i e t h y l  c a r b o n a t e )  d i s t i l l e d  o f f  ( a t  3 6 - 4 0 ° /  14- mm.) .  The 
r e s i d u e  was d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  c o l l e c t e d :
‘r a c t i o n b . p . w e ig h t a p p e a r a n c e
( i ) 9 1 - 9 9 ° /  14 mm, 31g . p a l e  y e l l o w
( i i ) 9 2 - 1 1 2 ° /  1 mm. 3 . 0g . c o l o u r l e s s
The r e s i d u e  d i d  n o t  d i s t i l 4 1 . 5gq a  brown t a r
a t  /  1 mm., b a t h
t e m p e r a t u r e  1 8 0 ° .
F r a c t i o n  ( i i )  added t o  aqueous  p o t a s s i u m  h y d r o x i d e  (5g ,  i n  5 m l . )  
was b o i l e d  u n d e r  r e f l u x  f o r  5 h o u r s ;  i t s  c o l o u r  changed  
i n i t i a l l y  to  ye l lov r  b u t  became r e d  a f t e r  1 h o u r .  W ate r  (5ml. ) 
was add ed ;  a  l i q u i d ,  w i t h  an  od ou r  o f  a p p l e s ,  was d i s t i l l e d  
f rom  t h e  b o i l i n g  m i x t u r e  which  was t h e n  c o o l e d .  Aqueous 
s u l p h u r i c  a c i d  ( 4 .4 m l ,  i n  7 .5 m l .  w a t e r )  was added d ro p w is e  to  
t h e  m i x t u r e ;  e f f e r v e s c e n c e  o c c u r r e d  and a s o l i d  p r e c i p i t a t e d  
w h ich  r e d i s s o l v e d  on f u r t h e r  a d d i t i o n  o f  t h e  a c i d ,  l e a v i n g  
an o r a n g e  c o lo u r e d  s o l u t i o n ;  t h i s  was sh a k e n  w i t h  e t h e r  ( 2 5 m l . ) ,  
and t h e  e t h e r  e x t r a c t  d r i e d  (NagSOA). Removal o f  t h e  e t h e r  by 
d i s t i l l a t i o n  l e f t  a  n e g l i g i b l e  amount o f  a y e l l o w  c o lo u r e d  
l i q u i d  r e s i d u e  which  had  an a c i d  r e a c t i o n  to  aq ueous  sodium 
b i c a r b o n a t e .  The a q u eo us  l a y e r  ( l o w e r )  was sh a k en  i n  t u r n  w i t h  
b e n z e n e  ( 2 5 m l . ) ,  c h l o r o f o r m  ( 2 5 m l . )  and l i g h t  p e t r o l e u m  ( b . p .  
4 0 - 6 0 ° ,  2 5 m l . ) .  The s e p a r a t e  e x t r a c t s ,  a f t e r  d r y i n g  (NagSO^) 
and r e m o v a l  o f  t h e  s o l v e n t s ,  e ach  f u r n i s h e d  n e g l i g i b l e  r e s i d u e s .  
D i l u t e  c a u s t i c  p o t a s h  was added t o  t h e  a q u eo u s  l a y e r  u n t i l  t h e  
s o l u t i o n  was pH 6 ; i t  was t h e n  c o n c e n t r a t e d  i n  t h r e e  s t a g e s  to  
50% vo lum e,  25% and f i n a l l y  5ml. I n  e a c h  c a s e ,  on c o o l i n g ,  
c r y s t a l s  s e p a r a t e d  w h ich  gave a  w h i t e  p r e c i p i t a t e  i n  s o l u t i o n  
w i t h  b a r i u m  c h l o r i d e  i n  t h e  p r e s e n c e  o f  h y d r o c h l o r i c  a c i d ,  and 
no e f f e r v e s c e n c e  w i t h  aq u eo u s  sodium b i c a r b o n a t e .  The r e m a i n i n g  
5m l.  c o n c e n t r a t e  was e v a p o r a t e d  to  d r y n e s s  r e s u l t i n g  i n  a  brown 
c r y s t a l l i n e  m a t e r i a l  ( O . l g . )  w hich  e f f e r v e s c e d  i n  aq u eo u s  
sod ium  b i c a r b o n a t e ,  and gave a w h i t e  p r e c i p i t a t e  w i t h  b a r iu m  
c h l o r i d e  i n  h y d r o c h l o r i c  a c i d .
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Pa r t  I I :
1 .  T r a n s - 2 , 5 - d i c h l o r o - 1 , 4 - d i o x a n . -  T h i s  compound was p r e p a r e d  
a c c o r d i n g  to  B o e se k en ,  T e l l e g e n  and H e n r iq u e z  (R ec .  t r a v .  ch im . , 
1931 ,  50,  9 0 9 ) ,  by  t h e  c h l o r i n a t i o n  o f  1 , 4 - d i o x a n  a t  90° w i t h  
i o d i n e  a s  c a t a l y s t .  A p a l e  p i n k  d i s t i l l a t e  v/as o b t a i n e d ,  b . p .  
8 8 - 9 0 ° /  19 mm., which  on f u r t h e r  r e d i s t i l l a t i o n  gave  a c o l o u r l e s s  
m a t e r i a l ,  b . p .  8 9 - 9 0 ° /  19 mm., m .p .  3 0 ° .
2. P r e p a r a t i o n  o f  t r a n s - 2 , 5 - e t h y i e n e d i o x y - l , 4 - d i o x a n . -  ( a )  T h is  
compound was p r e p a r e d  a c c o r d i n g  to  t h e  method o f  B o e se k en ,  
T e l l e g e n  and H e n r iq u e z  (l o o ,  c i t .  ) f rom  e t h y l e n e  g l y c o l  ( 0 .5  
m o le )  and t r a n s - 2 , 3 - d i c h l o r o - 1 , 4 - d i o x a n  ( 0 .5  m o le ) ;  a c o l o u r l e s s  
c r y s t a l l i n e  s o l i d ,  m .p .  9 2 - 1 3 1 ° ,  w a s , o b t a i n e d  which  a f t e r  
. s u c c e s s i v e  r e c r y s t a l l i s a t i o n s  f rom  c a rb o n  t e t r a c h l o r i d e  gave  
rhombs ( 1 4 g . ) ,  m .p .  1 3 6 - 1 3 8 ° .
2 . -  (b )  The p r o c e e d u r e  d e s c r i b e d  by P a a s s  and H i l g e r t  (B e r . ,  
1954 ,  87^, 1343)  was f o l l o w e d  ( u s i n g  0 . 5  mole  o f  e t h y l e n e  g l y c o l  
and  t r a n s - 2 33 - d i c h l o r o l , - d i o x a n , and 1 mole  o f  p y r i d i n e ) .  No 
e x o th e r m i c  r e a c t i o n  o c c u r r e d  u n t i l  t h e  t e m p e r a t u r e  was 95° .  
B eca u se  o f  t h e ' q u a n t i t y  o f  m a t e r i a l  i n v o l v e d ,  e t h e r  was found
to  be  u n s u i t a b l e  a s  an  e x t r a c t i n g  s o l v e n t ,  t h e r e f o r e  t h e  r e a c t i o n  
m i x t u r e  was sh a k en  w i t h  c h l o r o f o r m  (150ml.  ) and h y d r o c h l o r i c  
a c i d  (IN,  7 5 m l . ) ;  t h e  c h l o r o f o r m  e x t r a c t  was d r i e d  (KgCOg) and 
th e  s o l v e n t  l a r g e l y  d i s t i l l e d  o f f .  C r y s t a l s  ( 2 3 , O g . )  s e p a r a t e d  
f rom  t h e  d i s t i l l a n a ,  t h e s e  had  m .p .  1 3 1 - 1 3 5 ° .  R e c r y s t a l l i s a t i o n  
f ro m  e t h a n o l  gave  c o l o u r l e s s  rhombs ( 2 0 . 5 g . ) ,  m .p .  1 3 6 . 5 - 1 3 3 ° .
3 .  S u b l i m a t i o n  o f  t h e  c ru d e  p r o d u c t ,  m .p .  9 2 - 1 3 1 ° ,  f rom  2 ( a ) . -
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T h is  m a t e r i a l  ( 0 . 2 g . )  l e f t  a n e g l i g i b l e  r e s i d u e  a f t e r  
s u b l i m a t i o n  a t  17 inm., b a t h  t e m p e r a t u r e  80° d u r i n g  12 h o u r s .  
The s u b l i m a t e  had m .p .  9 1 - 1 3 1 ° .
4 .  F r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  c r u d e p r o d u c t  f rom 2 ( a ) . -  
F r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  c ru d e  p r o d u c t ,  m .p .  9 2 - 1 3 1 ° ,  
was e f f e c t e d  f rom  e t h a n o l .
/X 9 2 - 1 3 1 ° ( 1 6 g . ) ( 8 0 m l . )
(3Cm l.)  o X 1 3 2 - 1 3 6 .5 °  ( lO g .  ) ( 5 0 m l . )
A  / \(1 5 m l . ) o  ox x 1 3 6 - I 3 7 ° ( 9 g . ) ( 7 0 m l . ) 
( 7 m l . )  o \ > x  ' ' \ x  x 1 3 6 - 1 3 8 ° ( S g . ) ( 100ml.  )
/ V  A  A  /  V =01 0 2 - 1 0 8 ° ( l g . ) x b x  ox ox x 1 3 6 . 5 - 1 3 7 . 5  ( 5 . 3 g . )
i .  i i .  i i i .
l e g e n d :
m . p . ( w e i g h t ) (amount o f  
s o l v e n t )
i . ( o x )  8 7 -9 4 °
i i . ( o )  8 8 .5 - 1 0 0 °
(x )  1 3 3 . 5 - 1 3 6 . 5 °
i i i . ( o x )  136-137°x - c r y s t a l l i n e  s o l i d  
o - m o th e r  l i q u o r s  
5* T r e a tm e n t  o f  t r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  w i t h  w a t e r  
and w i t h  a l k a l i ( a )  W ith  w a t e r .  T r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 -  
d i o x a n  ( 2 g . )  i n  w a t e r  ( 2 5 m l . )  was h e a t e d  to  r e f l u x  f o r  4 h o u r s ;  
t h e  s o l u t i o n  was a l l o w e d  t o  c o o l ,  f i l t e r e d ,  and th e  p r e c i p i t a t e  
was washed, w i t h  w a t e r  ( 5 m l . )  and d r i e d  i n  a i r  t o  f u r n i s h  w h i t e  
c r y s t a l s  ( 0 . 9 g . ) ,  m .p .  1 3 6 - 1 3 7 . 5 ° .
5 o~ (b )  W ith  a l k a l i .  T r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  (IV, 
5g . ) was h e a t e d  on a  s t e a m - b a t h  w i t h  a q u e o u s  sodium h y d r o x i d e  
(20fo, 5 0 m l . ) . f o r  6 h o u r s ;  t h e  r e a c t i o n  m i x t u r e  was c o o l e d ,
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f i l t e r e d ,  and t h e  p r e c i p i t a t e  was washed w i t h  w a t e r  (2x5ml.  ) 
t o  f u r n i s h  c o l o u r l e s s  c r y s t a l s  ( 3 . 5 g . ) ,  m .p .  1 3 6 - 1 3 8 ° ;  mixed 
w i t h  ( I V ) ( 1 : 1 ) ,  m .p .  1 3 6 - 1 3 8 ° .  The f i l t r a t e  and w a s h in g s  were  
sh a k en  w i t h  c h lo r o f o r m  (50 ,  2 * 2 5 m l . ) ;  t h e  c h l o r o f o r m  l a y e r  
( l o w e r )  was virashed w i t h  w a t e r  ( 20m l . ) ,  d r i e d  (NagSO^), and th e  
s o l v e n t  was removed by d i s t i l l a t i o n  l e a v i n g  a w h i t e  s o l i d  ( 1 . 4 g .  ) 
m .p .  1 3 5 - 1 3 8 ° ;  mixed w i t h  ( I V ) ( 1 : 1 ) ,  m .p .  1 3 5 - 1 3 8 ° .
5 . -  ( c )  W ith  a l k a l i .  T r a n s - 2 , 5 - e t h y l e n e d i o x y - 1 , 4 - d i o x a n  ( 5 g . ) 
was h e a t e d  w i t h  aqueous  c a u s t i c  p o t a s h  (10$,  2 5 m l . ) and e t h a n o l  
( 5 m l . )  on a  s t e a m - b a t h  f o r  15 h o u r s .  The r e a c t i o n  s o l u t i o n  was 
c o o l e d ,  f i l t e r e d ,  and t h e  p r e c i p i t a t e  was washed w i t h  w a t e r  r 
( 2 x 2 0 m l . ) ,  f u r n i s h i n g  c o l o u r l e s s  c r y s t a l s  ( 5 , 0 g .  ) ,  m .p .  1 3 6 - 1 3 8 ° ;  
mixed w i t h  ( I V ) ( 1 : 1 ) ,  m .p .  1 3 6 - 1 3 8 ° .
6 . A t t e m p te d  p r e p a r a t i o n  o f  t r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n . -  
The d i s o d i o - d e r i v a t i v e  o f  e t h y l e n e  g l y c o l  ( 5 . 3 g . ,  0 . 0 5  m o le )
was p r e p a r e d  by  t h e  method o f  Sh .  Mamedor ( p r e p a r a t i o n  on p .  8 1 ) .
To a  v i g o r o u s l y  s t i r r e d  m i x t u r e  o f  t h e  d i s o d i o - d e r i v a t i v e  
o f  e t h y l e n e  g l y c o l  ( 5 . 3 g . ,  0 . 0 5  m o le )  and e t h e r  (5 0 m l . )  was 
added  d r o p w is e  d u r i n g  10 m i n u t e s ,  a  s o l u t i o n  o f  t r a n s - 2 , 5 -  
d i c h l o r o - 1 , 4 - d i o x a n  ( 7 . 8 g . ,  0 . 0 5  m ole )  i n  e t h e r  ( 2 5 m l . ) ;  t h e  
r e a c t i o n  m i x t u r e  was b o i l e d  u n d e r  r e f l u x  f o r  1 h o u r  and s t i r r e d  
f o r  a f u r t h e r  3 h o u r s ;  i t  was f i l t e r e d  and t h e  r e s i d u e  washed 
w i t h  e t h e r  ( 2 5 m l . ) .  E t h e r  was removed f rom  t h e  d r i e d  (WagSO4 ) 
combined f i l t r a t e  and w a s h in g s  by  d i s t i l l a t i o n ,  l e a v i n g  a l i q u i d  
r e s i d u e  w h ich  was d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  
c o l l e c t e d :
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f r a c t i o n b . p . w e ig h t
( i ) 40-7 9 ° /  14 mm* n e g l i g i b l e
( i i ) 7 9 - 3 2 ° /  14 mm. 5 . 0 g .
r e s i d u e n e g l i g i b l e
F r a c t i o n  ( i i )  had th e  o d ou r  o f  t r a n s - 2 , 3 - d i c h l o r o - 1 , 4 - d i o x a n ,  
and on t r e a t m e n t  w i t h  h o t  a q u eou s  n i t r i c  a c i d  (3N) and aqueous  
s i l v e r  n i t r a t e  i t  gave  a w h i t e  p r e c i p i t a t e .
*7 • C h l o r i n a t i o n  o f  e t h y l e n e  g l y c o l  and 1 , 4 - d i o x a n . -  C h l o r i n e  
was l e d  i n t o  a m i x t u r e  o f  e t h y l e n e  g l y c o l  ( 6 2 g . ,  1 m o l e ) ,  1 , 4 -  
d i o x a n  (S8g« ,  1 m o le )  and a c r y s t a l  o f  i o d i n e ,  h e a t e d  to  7 0 - 9 0 ° ,  
d u r i n g  7 h o u r s ;  t h e  i n c r e a s e  i n  w e i g h t  was 1 5g .  The m i x t u r e  was 
a l l o w e d  to  c o o l  and shaken  w i t h  c h l o r o f o r m  ( 100m l . )  and w a t e r  
( 1 0 0 m l , ) ;  t h e  o r g a n i c  p h a se  was s h a k e n  w i t h  w a t e r  ( 5 0 m l . ) ,  and 
t h e  aqu eo u s  p h a se  was sh a k en  w i t h  c h l o r o f o r m  ( 5 0 m l . ) ;  s o l v e n t  
was removed f ro m  t h e  d r i e d  (MgSO^J c h l o r o f o r m  e x t r a c t s  by 
d i s t i l l a t i o n ,  l e a v i n g  a  l i q u i d  r e s i d u e ,  which  was d i s t i l l e d  to  
g i v e  a  f r a c t i o n  ( 7 5 g . ) ,  b . p ,  1 0 0 ° /  c a .  760 mm, ( r e j e c t e d )  and 
l e a v i n g  a  r e s i d u e  t h a t  d i d  n o t  c r y s t a l l i s e .
C h l o r i n a t i o n  o f  t r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n ,  w i t h o u t  
s o l v e n t ( a )  T r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 9 . 6 g . )  was 
h e a t e d  t o  14-0°, and c h l o r i n e  v^as b u b b l e d  t h r o u g h  t h e  m e l t  f o r  
5 h o u r s ,  a f t e r  w hich  t h e  i n c r e a s e  i n  w e i g h t  was 4g .  ( r e q u i r e d  
f o r  two a to m ic  p r o p o r t i o n s ,  4 , 5 g . ) .  The r e s u l t a n t  p a l e  y e l l o w  
l i q u i d  was d i s t i l l e d  and t h e  f o l l o w i n g  f r a c t i o n  c o l l e c t e d :
-1 0 0 -
f r a c t i o n b . p . w e i g h t
4 *
a p p e a r a n c e
( i )
The r e s i d  
a t  /  1 . 5
tem pera tL
1 2 0 - 1 2 8 ° /  1 . 5  mm.
,ue d i d  n o t  d i s t i l  
mm., b a t h  
ire  21 0 ° .
5 . 9 5 g .
7 . 9 g .
1 .4 8 9 0 v e r y  p a l e  
y e l l o w  l i q u i d  
brown,  v i s c o u s  
l i q u i d
L----------------------------------
E x a m in a t io n  o f  f r a c t i o n  ( i ) :  A l i t t l e  was h e a t e d  on a s t e a m -  
b a t h  w i t h  a q ueo u s  h y d r o c h l o r i c  a c i d  (3N) an d  B r a d y ’ s r e a g e n t  
( 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  s u l p h a t e  i n  s u l p h u r i c  a c i d  and 
m e t h a n o l ) .  A f t e r  5 m i n u t e s  an o r a n g e  c o l o u r e d  s o l i d  was 
p r e c i p i t a t e d ,  m .p .  3 2 6 - 3 2 8 ° ;  mixed w i t h  b i s - ( 2 , 4 -  
d i n i t r o p h e n y l h y d r a z o n e ) o f  g l y o x a l ,  m .p .  3 2 6 - 3 2 8 ° .
The r e m a i n d e r  o f  f r a c t i o n  ( i )  p a r t l y  c r y s t a l l i s e d .  The c r y s t a l s  
v/ere i s o l a t e d  and washed w i t h  m e th y le n e  c h l o r i d e  and l i g h t  
p e t r o l e u m  ( b . p .  4 0 - 6 0 ° ) .  These had  m .p .  8 6 -1 3 6 °  and c o n t a i n e d  
c h l o r i n e .
8 . -  (b )  C h l o r i n e  was b u b b le d  t h r o u g h  t r a n s - 2 , 3 - e t h y l e n e d i o x y -
1 , 4 - d i o x a n  ( 2 0 . 9 g . )  a t  1 2 0 -1 50 °  f o r  15-j- h o u r s ,  by w h ich  t im e  
t h e  r e a c t i o n  m i x t u r e  had  i n c r e a s e d  i n  w e i g h t  to  2 9 . 6g .  ( 
r e q u i r e d  f o r  t h e  s u b s t i t u t i o n  o f  two a toms o f  c h l o r i n e ,  3 0 . 7 g . ) .  
I t  was d i s t i l l e d  and t h e  f o l l o w i n g  f r a c t i o n s . were  c o l l e c t e d :
f r a c t i o n b *p. w e ig h t a p p e a r a n c e
( i ) 8 9 - 9 1 ° /  1 mm. 2 . 1g . v e r y  p a l e  y e l l o w
l i q u i d
( i i ) 9 9 - 1 6 2 ° /  1 mm. 1 3 . 9g.
-1 0 1 -
The r e s i d u e d i d  n o t  d i s t i l 1 3 . Og. brown v i s c o u s
a t  /  1 mm., b a t h l i q u i d
t e m p e r a t u r e •
o o 1—1CQ i
Both  t h e  f r a c t i o n s  and t h e  r e s i d u e  c o n t a i n e d  c h l o r i n e .  
F r a c t i o n  ( i i )  was r e d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  
c o l l e c t e d :
f r a c t i o n b . p . w e ig h t
( i i i ) 9 5 - 9 8 ° /  0 . 3  mm. 1 . 6g . 1 .4 7 5 0
( i v ) 1 0 1 - 1 0 4 ° /  0 . 3  mm. 2 . 8g . 1 .4 7  61
(v) 1 0 6 - 1 0 3 ° /  0 . 3  mm. 7 . 6 g . 1 .4 7 7 0
r e s i d u e 1 .  9 g . 1 .4 7 9 5—
C h l o r i n e  c o n t e n t  e s t i m a t i o n  was p e r fo rm e d  a c c o r d i n g  to  th e  ■
? i i
method o f  V o l h a r d .  .. >
Found:  f r a c t i o n  ( i )  3 7 .1 6 ,  36.98% ( C s ^ O ^ C l g  r e q u i r e s  C l ,  33.02%) 
f r a c t i o n  (v )  3 2 . 6 6 ,  33.85%
F r a c t i o n  (v )  p a r t l y  c r y s t a l l i s e d  a s  c o l o u r l e s s  p l a t e s .
'
8 . - ' ( c ) .  C h l o r i n e  was b u b b le d  t h r o u g h  t r a n s - 2 , 5 - e t h y l e n e d i o x y -
1 , 4 - d i o x a n  (8 8 . 6g . ) which  was i n i t i a l l y  a t  14 1 ° ;  d u r i n g  5 h o u r s
; ;
t h e  t e m p e r a t u r e  was g r a d u a l l y  d e c r e a s e d  t o  1 2 2 ° ,  by w h i c h , t i m e  
t h e  r e a c t i o n  m i x t u r e  had  i n c r e a s e d  i n  w e i g h t  by 5g .  A c r y s t a l  |
o f  i o d i n e  was a d d e d ,  and d u r i n g  t h e  n e x t  4 h o u r s  t h e  m i x t u r e  :|
i n c r e a s e d  i n  w e i g h t  by 20g . ,  a t  t h e  same t im e  t h e  t e m p e r a t u r e  
was d e c r e a s e d  to  1 0 8 ° . -  C h l o r i n e  was p a s s e d  f o r  a  f u r t h e r  21 h o u r s ,  
no i n c r e a s e  i n  w e i g h t  b e i n g  r e c o r d e d  i n  t h e  f i n a l  5 h o u r s ,  
u n t i l  t h e  r e a c t i o n  m i x t u r e  was 1 1 9 g . ( r e q u i r e d  f o r  t h e  
s u b s t i t u t i o n  o f  two a toms o f  c h l o r i n e ,  1 3 0 . 5 g . ) .  I t  was
-1 0 2 -
d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  c o l l e c t e d :
f r a c t i o n b . p . w e i g h t
( i ) 9 6 - 1 0 6 ° /  0 . 3  mm. 1 1 . 8g .
( i i ) 7 9 - 9 9 ° /  0 , 2  mm. 1 3 . 4g.
( i i i  ) 1 0 6 - 1 1 2 ° /  0 . 2  mm. 2 3 , 3g . p a r t l y  c r y s t a l l i s e d
( i v ) 1 4 0 - 2 0 8 ° /  0 . 2  mm. 1 9 . Og. C l ,  6 6 . V, 6 4 .0 $ !
(V o lh a rd  m ethod)
The r e s i d u e  c h a r r e d  w h i l s t  
d i s t i l l i n g  a t  /  0 . 2  mm.,
4 5 . Og.
b a t h  t e m p e r a t u r e  3 0 0 ° .  
—  -  ..................... _ _ _ _ _ — .— .................
F r a c t i o n  ( i i i )  was r e d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  
c o l l e c t e d :
f r a c t i o n b . p . w e i g h t
(v )
( v i )
( v i i )
9 5 - 9 9 ° /  0 . 3  mm. 
1 0 0 - 1 0 6 ° /  0 . 3  mm. 
1 0 7 - 1 1 2 ° /  0 . 3  mm.
8 , 0 g .
l l * 9 g .
S .  4g . p a r t l y  c r y s t a l l i s e d  
a s  p l a t e s .
F r a c t i o n  ( v i i )  was f i l t e r e d ;  t h e  c r y s t a l l i n e  r e s i d u e  ( 4 . 9 g . ) ,  
3 2 - 3 7 ° ,  was v e r y  s o l u b l e  i n  c h l o r o f o r m ,  c a r b o n  t e t r a c h l o r i d e ,  
b e n z e n e ,  m e th y le n e  c h l o r i d e ,  e t h e r ,  and s o l u b l e  i n  l i g h t  
p e t r o l e u m  ( b . p .  6 0 - 3 0 ° ) .  A f t e r  e i g h t  r e c r y s t a l l i s a t i o n s  f rom  
e t h e r / l i g h t  p e t r o l e u m  ( b . p .  6 0 - 3 0 ° ) ,  i t  y i e l d e d  c o l o u r l e s s  
p l a t e s ,  m .p .  3 9 - 4 0 ° .  (Found: C, 3 3 . 9 8 ;  H, 3 . 7 9 ;  C l ,  3 2 . 6 4 .  
GqEqO^Q12 r e q u i r e s  C, 3 3 .4 9 ;  H, 3 . 7 2 ;  C l ,  3 3 .0 2 ^ )
T h i s  compound ( O . l l g . )  was h e a t e d  on a  s t e a m - b a t h  w i t h  an 
e x c e s s  o f  a s o l u t i o n  o f  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  h y d r o c h l o r i d e
- 1 0 3 -
i n  h y d r o c h l o r i c  a c i d  f o r  4 h o u r s ,  d u r i n g  which  t h e  compound 
g r a d u a l l y  d i s s o l v e d .  D u r in g  two d a y s  s t a n d i n g  no s o l i d  
s e p a r a t e d  *
8 . -  (d )  C h l o r i n e  was b u b b le d  t h r o u g h  t r a n s - 2 , 3 - e t h y l e n e d i o x y -
1 , 4 - d i o x a n  ( 1 1 4 . 5 g . w i t h  a  c r y s t a l  o f  i o d i n e ,  a t  an i n i t i a l  
t e m p e r a t u r e  140° which  was r e d u c e d  t o  110° d u r i n g  22i;  h o u r s ;  a t  
t h e  end o f  t h e  p e r i o d  t h e  r e a c t i o n  m i x t u r e  had  i n c r e a s e d  i n  
w e i g h t  by 5 0g .  ( r e q u i r e d  54g. ) .
The r e a c t i o n  m i x t u r e  was d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  
b e i n g  c o l l e c t e d :
f r a c t i o n b . p . w e i g h t a p p e a r a n c e
( i ) 7 1 - 9 5 ° /  1 . 5  mm. 10 *6g . p a l e  y e l l o w  l i q u i d
( i i ) 1 0 0 - 1 1 2 ° /  1 . 5  mm. 6 . 2g, ft n tf
( i i i )  . 1 1 5 - 1 2 5 ° /  1 . 5  mm. 3 1 . 5 g . 11 tt fT
( i v ) 1 2 5 - 1 3 0 ° /  1 . 5  mm. 1 2 . Og. 11 11 11
(v) 1 3 2 - 1 4 2 ° /  1 . 5  mm. 5 . 5 g . 11 tf ??
The r e s i d u e  s t a r t e d  to 1 0 0 .5 g . brown v i s c o u s  l i q u i d
decompose a t  /  1 . 5  mm.,
b a t h  t e m p e r a t u r e  20 0 ° .
. . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  i
A l l  t h e  f r a c t i o n s  and t h e  r e s i d u e  gave an o ra n g e  p r e c i p i t a t e  
on t r e a t m e n t  w i t h  B r a d y ' s  r e a g e n t  and h y d r o c h l o r i c  a c i d ,  when 
t h e  m i x t u r e s  were  h e a t e d  on a s t e a m - b a t h  f o r  3 m i n u t e s ,  
f r a c t i o n  ( i i i )  and ( i v )  p a r t l y  c r y s t a l l i s e d  on s e e d i n g  w i t h  a 
c r y s t a l  o f  t h e  c h l o r i n a t i o n  p r o d u c t ,  m .p .  3 9 - 4 0 ° ;  t h e y  were  
r ec o m b in e d  and r e d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  
c o l l e c t e d :
-1 0 4 -
f r a c t i o n b . p . w e i g h t a p p e a r a n c e
( v i ) 9 8 - 1 0 2 ° /  0 . 0 5  mm. 4 . 9 g . p a l e  y e l l o w  l i q u i d
( v i i ) 1 0 2 - 1 0 6 ° /  0 . 0 5  mm. 3 6 . 3 g . c o l o u r l e s s  l i q u i d
r e s i d u e 2 . 3 g .
L...
The c r y s t a l s  ( 6 . 2 g . )  which  s e p a r a t e d  f rom  f r a c t i o n  ( v i i )  
a f t e r  t h r e e  r e c r y s t a l l i s a t i o n s  f ro m  e t h e r / l i g h t  p e t r o l e u m  
( b . p .  4 0 - 6 0 ° )  had m .p .  3 5 - 3 8 ° ( 4 . 6 g . ) .  Two f u r t h e r  
r e c r y s t a l l i s a t i o n s  f ro m  t h e  same s o l v e n t  m i x t u r e  f u r n i s h e d  
c o l o u r l e s s  p l a t e s  o f  d i ( 2 - c h l o r o e t h y l ) o x a l a t e ,  m .p .  3 9 - 4 0 ° .
( fo u n d :  C, 3 4 .0 1 ;  H, 4 .0 7 ;  C l ,  3 2 . 4 6 .  CgHgO^Clg r e q u i r e s  C,
3 3 . 4 9 ;  H, 3 . 7 2 ;  C l ,  3 3 .0 2 % .)
9 .  The e f f e c t  o f  h e a t  on t h e  f i l t r a t e  o f  f r a c t i o n  ( v i i )  f rom  
8 ( d ) . -  The f i l t r a t e  o f  f r a c t i o n  ( v i i )  was h e a t e d  i n  a s e a l e d ,
tu b e  f o r  50 h o u r s  a t  1 0 0 ° ,  and 3 h o u r s  a t  1 4 0 ° .
No c r y s t a l l i n e  m a t e r i a l  c o u ld  be  o b t a i n e d  by  s e e d i n g  w i t h  
t h e  c h l o r i n a t i o n  p r o d u c t ,  m .p .  3 9 - 4 0 ° ,  o r  by s c r a t c h i n g  a t  - 7 8 ° .
10 .  T r e a tm e n t  o f  t h e  c h l o r i n a t i o n  p r o d u c t ,  m .p .  3 9 - 4 0 ° ,  w i t h  
sod ium  i o d i d e  i n  a c e t o n e . -  The c h l o r i n a t i o n  p r o d u c t ,  m .p .  
3 9 - 4 0 ° ,  ( 1 . 3 g . ,  0 .0 0 6 1 3  m o le )  and sodium i o d i d e  ( 4 . 6 g . ,  0 .0 3 0 6  
m o le )  d i s s o l v e d  i n  a c e t o n e  ( 20m l . )  were  b o i l e d  u n d e r  r e f l u x  
f o r  l-§- h o u r s  d u r i n g  w hich  t h e  c o l o u r  o f  t h e  r e a c t i o n  m i x t u r e  
became l i g h t  o r a n g e  and a s o l i d  was p r e c i p i t a t e d ;  a f t e r  
f i l t r a t i o n ,  t h e  f i l t r a t e  was e v a p o r a t e d  to  d r y n e s s ;  t h e  r e s i d u e  
was sh a k e n  w i t h  e t h e r  ( 100m l . ) ;  t h e  m i x t u r e  v/as f i l t e r e d ,  and 
f r e e  i o d i n e  removed by s h a k i n g  t h e  f i l t r a t e  w i t h  m e r c u r y ;  t h e  
r e s i d u e  was sh a k en  w i t h  w a t e r  ( 2 5 m l . )  and e t h e r  ( 2 5 m l . ) ;  t h i s
-1 0 5 -
e t h e r e a l  s o l u t i o n  ?/as added  t o  t h e  o t h e r  and d r i e d  (N a g S O ^;  i t  
was f i l t e r e d ,  and t h e  s o l v e n t  was removed by  d i s t i l l a t i o n ;  t h e  
r e s i d u e  was d i s t i l l e d ,  one f r a c t i o n ,  b . p .  1 1 0 - 1 1 2 ° /  0 . 1 5  mm., 
( 0 . 6 g . )  b e i n g  c o l l e c t e d .  T h i s  d i s t i l l a t e ,  w h ich  was brown 
c o l o u r e d  and p a r t l y  s o l i d i f i e d ,  was s o l u b l e  i n  e t h a n o l  and 
l i g h t  p e t r o l e u m  ( b . p .  40-60 and 1 0 0 - 1 2 0 ° ) ,  and c o n t a i n e d  
c h l o r i n e ;  i t  d i d  n o t  d e c o l o u r i s e  a  s o l u t i o n  o f  b rom ine  i n  
c a r b o n  t e t r a c h l o r i d e .  I t  was r e c r y s t a l l i s e d  f rom  e t h e r / l i g h t  
p e t r o l e u m  ( b . p .  4 0 - 6 0 ° )  t o  c o l o u r l e s s  p l a t e s ,  m .p .  3 4 . 8 - 3 8 ° ;  
mixed w i t h  t h e  c h l o r i n a t i o n  p r o d u c t ,  m .p .  3 9 - 4 0 ° ,  ( 1 : 1 ) ,  m .p .  
3 4 . 8 - 3 8 ° .
11 .  T r e a tm e n t  o f  t h e  c h l o r i n a t i o n  p r o d u c t ,  m .p .  3 9 - 4 0 ° ,  w i t h  
magnesium and i o d i n e  i n  e t h e r . -  The c h l o r i n a t i o n  p r o d u c t ,  m .p .  
3 9 - 4 0 ° ,  ( 0 . 7 1 g . ,  0 .0 0 3  m o le )  d i s s o l v e d  i n  e t h e r  ( 5 m l . )  was 
added  d r o p w is e  d u r i n g  3 h o u r s ,  i n  such  a way t h a t  t h e  r e a c t i o n  
m i x t u r e  was n e v e r  c o l o u r e d  d a r k e r  t h a n  l i g h t  brown, t o  a  s t i r r e d  
c o l o u r l e s s  m i x t u r e  o f  magnesium ( 0 . 1 4 g . , 0 .0 0 6  m o le )  i n  e t h e r  
( 1 5 m l . )  to  Y/hich a  c r y s t a l  o f  i o d i n e  had p r e v i o u s l y  b e e n  a d d e d .  * 
The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  a  f u r t h e r  30 m i n u t e s  and 
t h e n  p o u r e d  on t o  c r a c k e d  i c e ;  t h e  e t h e r  l a y e r  ( u p p e r )  was 
s e p a r a t e d ;  t h e  aqueou s  l a y e r  was washed w i t h  e t h e r  ( 5 m l . ) ,  and 
t h e  combined e t h e r e a l  s o l u t i o n s  were  sha k en  w i t h  a l i t t l e  
m e r c u r y ,  d r i e d  (NagSO^), and f i l t e r e d ;  s o l v e n t  was removed f rom  
t h e  f i l t r a t e  by  d i s t i l l a t i o n ,  l e a v i n g  a  r e s i d u e  ( 0 . 7 g . ) ,  y e l l o w  
p l a t e s ,  m .p .  3 4 - 37° ;  t h i s  was r e c r y s t a l l i s e d  f rom  e t h e r / l i g h t  
p e t r o l e u m  ( b . p .  4 0 - 6 0 ° )  to  c o l o u r l e s s  p l a t e s ,  m .p .  3 8 - 4 0 ° ;  j
-1 0 6 -
rnixed w i t h  t h e  c h l o r i n a t i o n  p r o d u c t ,  m .p .  3 9 - 4 0 ° ,  ( 1 : 1 ) ,  m .p .
3 8 - 4 0 ° .
12 .  P r e p a r a t i o n  o f  d i ( 2 - c h l o r o B t h y l ) o x a l a t e . -  T h i s  compound 
was p r e p a r e d  a c c o r d i n g  t o  C o n t a r d i  and E r c o l i  [i n t .  Congr .
Chem. ( M a d r i d ) . , 1934 ,  5 ,  163;  Chem.AbSo , 1937 ,  31 ,  1764] .
O x a l i c  a c i d  ( a n h y d r o u s ,  1 6 . 5 g . , 0 . 1 8  m o le )  and e t h y l e n e  
c h l o r o h y d r i n  ( 1 8 g . ,  0 .3 6  m o le )  v/ere d i s s o l v e d  and h e a t e d  i n  
r e f l u x i n g  b en zen e  ( 1 0 0 m l . )  f o r  5 h o u r s ,  d u r i n g  which  h y d ro g e n  
c h l o r i d e  was p a s s e d  th r o u g h  th e  s o l u t i o n .  The r e a c t i o n  m i x t u r e  
was sh a k e n  w i t h  a q u eo u s  p o t a s s i u m  c a r b o n a t e  (10%, 5 0 m l . ) ;  t h e  
b e n z e n e  l a y e r  was washed w i t h  w a t e r  ( 3 * 5 0 m l . ) and d r i e d  (MgS0 4 ) ;  
b e n z e n e  was removed f rom  i t  by d i s t i l l a t i o n ,  l e a v i n g  a  r e s i d u e  
which was d i s t i l l e d ,  one f r a c t i o n  b e i n g  c o l l e c t e d ,  b . p .  1 0 0 -11 6 °  
/  0 . 0 5  mm.; t h i s  c o m p l e t e l y  s o l i d i f i e d  to  c o l o u r l e s s  c r y s t a l s  
( 2 4 . 4 g . ) ,  m .p .  4 0 -4 3 °  and was r e c r y s t a l l i s e d  f rom  c a rb o n  
t e t r a c h l o r i d e  a s  c o l o u r l e s s  p l a t e s ,  m .p .  3 9 . 5 - 4 0 ° .  ( fo u n d :
C, 3 3 . 3 4 ;  H, 3 . 6 6 ;  C l ,  3 3 . 1 6 .  C6H80 4C12 r e q u i r e s  C, 3 3 .4 9 ;
H, 3 . 7 2 ;  C l ,  33.02%. ) Mixed w i t h  t h e  c h l o r i n a t i o n  p r o d u c t ,  m .p .
3 9 - 4 0 °  (p .  1 0 4 ) ,  ( 1 : 1 ) ,  m .p .  3 9 - 4 0 ° .
1 3 .  C h l o r i n a t i o n  o f  t r a n s - 2 , 5 ~ e t h y l e n e d i o x y - l , 4 - d i o x a n  i n  
c a r b o n  t e t r a c h l o r i d e . -  ( a )  C h lo r in e ,  was b u b b le d  t h r o u g h  a 
warm s o l u t i o n  ( 6 5 - 7 0 ° )  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  
(IV ,  lO g .  ) i n  c a r b o n  t e t r a c h l o r i d e  (1 2 5 m l . )  f o r  18-jg- h o u r s .  The 
s o l v e n t  was t h e n  removed by  d i s t i l l a t i o n ,  l e a v i n g  a r e s i d u e  
f ro m  Y/hich c o l o u r l e s s  c r y s t a l s ,  m .p .  1 3 0 - 1 3 6 ° ,  su b l im e d  a t  
6 0 ° /  1 mm.; t h e s e  were  r e c r y s t a l l i s e d  f ro m  c a rb o n  t e t r a c h l o r i d e
-1 0 7 -
a s  c o l o u r l e s s  rhombs,  m .p .  1 3 7 -1 3 8 ° ;  mixed w i t h  ( I V ) ( 1 ; 1 ) ,  m .p .  
1 3 7 - 1 3 8 ° .
1 3 . -  (b )  C h l o r i n e  was b u b b l e d  t h r o u g h  a s o l u t i o n  o f  t r a n s -  
S ^ 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  (10 g * )  and one c r y s t a l  o f  i o d i n e  
i n  c a rb o n  t e t r a c h l o r i d e  (125ml.  ) which  was b o i l e d  t o  r e f l u x  
d u r i n g  2 3 f  h o u r s .
The r e a c t i o n  m i x t u r e  was c o o le d  and p l a t e s  ( O . l g . )  
s e p a r a t e d ,  m .p .  1 3 2 - 1 4 5 ° .  S o l v e n t  was removed f ro m  t h e  f i l t r a t e  
by  d i s t i l l a t i o n ,  l e a v i n g  a  y e l l o w  l i q u i d  r e s i d u e  f rom  w h ic h ,  
on c o o l i n g ,  s o l i d  ( 2 . 3 g .  ) s e p a r a t e d ;  one r e c r y s t a l l i s a t i o n  
f ro m  e t h a n o l  r a i s e d  t h e  m .p .  t o  1 3 2 - 1 3 6 ° ;  m ixed  w i t h  ( I V ) ( 1 : 1 ) ,  
m .p .  1 3 2 - 1 3 6 ° .
The r e m a i n i n g  p a r t  o f  t h e  r e s i d u e  was d i s t i l l e d  a t  
d i m i n i s h e d  p r e s s u r e  (0 .0 5  mm. ) ;  a t  60° a  s o l i d  su b l im e d  w h ich  ' 
r e n d e r e d  f u r t h e r  d i s t i l l a t i o n  i m p o s s i b l e .
1 3 . -  ( c )  The p r e v i o u s  e x p e r i m e n t a l  c o n d i t i o n s  | 13(b)J were 
o b s e r v e d  and t h e  m i x t u r e  c o n t a i n e d  i n  a  q u a r t z  v e s s e l ,  was 
i r r a d i a t e d  w i t h  u l t r a - v i o l e t  l i g h t  d u r i n g  t h e  p a s s a g e  o f  
c h l o r i n e  f o r  25 h o u r s .
The s o l v e n t  was removed f ro m  t h e  r e a c t i o n  m i x t u r e  by 
d i s t i l l a t i o n ,  l e a v i n g  a y e l l o w  l i q u i d  r e s i d u e  f rom  w hich  no 
s u b l i m a t e  was o b t a i n e d  a t  /  12 mm., b a t h  t e m p e r a t u r e  1 0 0 ° .  T h is  
r e s i d u e  was d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  c o l l e c t e d :
f r a c t i o n b . p . iv e ig h t a p p e a r a n c e
( i ) 1 0 0 - 1 1 8 ° /  1 . 0  mm. 0 .  4 g . c o l o u r l e s s  l i q u i d
( i i ) 1 2 0 - 1 2 5 ° /  1 . 1  mm. 2 . 2g . ?* ??
-1 0 8 -
( i i i )  | 1 3 2 - 1 4 2 ° /  l . i  mm.
i
2 • 2g . c o l o u r l e s s  l i q u i d
1
The r e s i d u e  d i d  n o t  d i s t i l 1 1 . Og. brown l i q u i d
a t  /  1 . 1  mm., b a t h
t e m p e r a t u r e  1 9 0 ° . ■___  _ ............... ................. ...
1 3 . -  (d )  C h l o r i n e  was b u b b le d  t h r o u g h  a m i x t u r e  o f  t r a n s - 2 , 3 -  
e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 4 g . )  and c a rb o n  t e t r a c h l o r i d e  ( 1 0 0 m l . )  
i n  a  q u a r t z  v e s s e l  w hich  was i l l u m i n a t e d  w i t h  u l t r a - v i o l e t  
l i g h t ,  f o r  5 h o u r s ,  d u r i n g  which  t h e  t e m p e r a t u r e  o f  t h e  m i x t u r e  
rem a in ed  a t  3 5 - 4 0 ° .
S o l v e n t  was removed f ro m  t h e  m i x t u r e  a t  30° u n d e r  
d i m i n i s h e d  p r e s s u r e  ( w a te r - p u m p ),  l e a v i n g  a l i q u i d  r e s i d u e  
(9• l g • ) .  | Found:  Cl ( Y o l h a r d ) ,  4 5 . 0 1 ,  4 5 . 3 6 .  C^IIgOqClg r e q u i r e s  j 
C l ,  33 .02^.1
1 3 . -  ( e )  The p r e v i o u s  e x p e r i m e n t a l  c o n d i t i o n s  (13 (d ) !  were 
o b s e r v e d  w i t h  t h e  e x c e p t i o n  t h a t  t h e  c h l o r i n e  was b u b b le d  
t h r o u g h  t h e  m i x t u r e  f o r  1 hour*
S o l v e n t  was removed f rom  th e  r e a c t i o n  m i x t u r e  a t  30° u n d e r  
d i m i n i s h e d  p r e s s u r e  ( w a te r - p u m p ),  l e a v i n g  a  c o l o u r l e s s  l i q u i d  
r e s i d u e  ( 7 . 5 g „ ) .  |Found:  Cl ( Y o l h a r d ) ,  3 5 .6 2 ,  3 6 .1 6 $ . |
I n f r a - r e d  s p e c t ru m  s e l e c t i v e  a b s o r p t i o n  o f  t h e  r e s i d u e  
showed a s i n g l e  p e ak  a t  1774 cm. which  was e n h a n c e d ,  r e l a t i v e  
t o  th e  p e ak  a t  2970 cm.*"!,- by b o i l i n g  t h e  r e s i d u e  u n d e r  r e f l u x  
i n  c a r b o n  t e t r a c h l o r i d e  (50ml.  ) f o r  1 h o u r ,  and rem ov ing  t h e  
s o l v e n t  a s  b e f o r e ,  t h e  s i n g l e  p e ak  t h e n  showing a s h o u l d e r .
The p e a k  and s h o u l d e r  v/ere f u r t h e r  enh an ced  by h e a t i n g  t h e  
r e s i d u e  a t  1 5 0 -1 6 0 °  f o r  15 m i n u t e s .  I
-1 0 9 -
At each  s t a g e  o f  t h e  t r e a t m e n t  o f  t h e  r e s i d u e ,  a p o r t i o n  
( o a * 0 . 5 g . )  was t r e a t e d  w i t h  aqueous  h y d r o c h l o r i c  a c i d  (3N) 
and B r a d y ’ s r e a g e n t  a t  room t e m p e r a t u r e ,  i n  e ach  c a s e ,  w i t h o u t  
a  p r e c i p i t a t e  b e i n g  formed w i t h i n  5 m i n u t e s .  On h e a t i n g  on a 
s t e a m - b a t h ,  e ac h  m i x t u r e  f u r n i s h e d  an o r a n g e  m i x t u r e  w i t h i n  
5 m in u te s „
C h l o r i n a t i o n  o f  t r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  -  
i s o l a t i o n  o f  e t h y l e n e  o x a l a t e . -  C h l o r i n e  was b u b b le d  th r o u g h  
m o l t e n  t r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 5 5 g . )  c o n t a i n i n g  
a  c r y s t a l  o f  i o d i n e  a t  140° u n t i l  an  i n c r e a s e  i n  w e i g h t  ( 2 5 . Og*) 
was o b t a i n e d  ( r e q u i r e d  f o r  t h e  s u b s t i t u t i o n  o f  two a tom s o f  
c h l o r i n e ,  2 5 . 6 g 0) 0 The r e a c t i o n  m i x t u r e  was d i s t i l l e d ,  t h e  
f o l l o w i n g  f r a c t i o n s  b e i n g  c o l l e c t e d :
f r a c t i o n b . p . w e ig h t a p p e a r a n c e
U )
( i i )
( i i i )
( i v )
( v)
The r o s i  
decompos 
b a t h  t e n
9 0 - 1 2 2 ° /  12 mm.
9 1 - 1 1 0 ° /  0 . 3  mm. 
1 1 0 - 1 1 5 ° /  0 . 3  mill. 
1 1 5 - 1 2 0 ° /  0 . 3  mm.
1 3 4 - 1 5 2 ° /  0 .6  mm.
due s t a r t e d  to  
e a t  /  0 . 5  mm. ,
L pera tu re  300°  *
- .........-  —  --------------  —
8 . 2g .
1 2 . 9 g .
2 . l g .  
1 5 .8 g .
4 . 2g.
3 8 . Og.
c o l o u r l e s s  l i q u i d
f? ff
f? «
p a r t l y  c r y s t a l l i s e d  
on s t a n d i n g
t?
p a l e  y e l l o w  v i s c o u s  
l i q u i d
_ _ i
F r a c t i o n  (v )  was f i l t e r e d ;  t h e  f i l t r a t e  ( 4 g . ) , t on t r e a t m e n t  
w i t h  h o t  a q u eo u s  h y d r o c h l o r i c  a c i d  and B r a d y ’ s r e a g e n t ,  
p r o d u c e d  an o r a n g e  p r e c i p i t a t e .  The w h i t e  c r y s t a l l i n e  r e s i d u e
1I
-1 1 0 -
(0 . 2g . ) ,  m .p .  1 1 6 - 1 3 6 ° ,  was i n s o l u b l e  i n  h o t  and c o ld  c a rb o n  
t e t r a c h l o r i d e ,  l i g h t  p e t r o l e u m  ( b . p .  1 0 0 - 1 2 0 ° ) ,  and s o l u b l e  
i n  c o ld  a c e t o n e  e t h a n o l  and w a t e r  ( s o l u t i o n ,  pH 4 ) ;  a f t e r  two 
r e c r y s t a l l i s a t i o n s  f rom  b e n z e n e ,  t h i s  s o l i d  f u r n i s h e d  e t h y l e n e  
o x a l a t e  a s  c o l o u r l e s s  n e e d l e s ,  m .p .  1 4 4 -1 4 5 .5 ° .■  (Found: C,
4 0 . 9 5 ;  II, 3 . 8 1 .  C^H^O^ r e q u i r e s  C, 4 1 . 3 8 ;  H, 3 . 4 8 $ . )  T h i s  
compound, a f t e r  h y d r o l y s i s ,  gave no p r e c i p i t a t e  w i t h  B r a d y ’ s 
r e a g e n t ,
15 .  P r e p a r a t i o n  o f  e t h y l e n e  o x a l a t e . -  T h i s  compound was 
p r e p a r e d  a c c o r d i n g  t o  t h e  method o f  C a r o t h e r s ,  A r v in  and 
Dorough (J .  Amer. Chem. S o c . ,  1930,  52:, 3292)  u s i n g  d i e t h y l  
o x a l a t e  and e t h y l e n e  g l y c o l  ( 0 . 3  m o l e ) ,  w i t h  t h e  m o d i f i c a t i o n  
t h a t  t h e  r e s i d u e  was d i s t i l l e d  w i t h o u t  f i r s t  b e i n g  r e c r y s t a l l i s e d r ,  
A d i s t i l l a t e  ( 1 . 1 5 g . ) ,  b o i l i n g  o v e r  a wide  t e m p e r a t u r e  r a n g e
( c a .  1 2 0 ° ) ,  w i t h  d e c o m p o s i t i o n  o f  t h e  r e s i d u e  which  c a u se d  
f l u c t u a t i o n  i n  t h e  d i m i n i s h e d  p r e s s u r e  ( i n i t i a l l y  5 mm. ) ,  was 
o b t a i n e d ,  and c r y s t a l l i s e d  c o m p l e t e l y ;  i t  was t w i c e  
r e c r y s t a l l i s e d  f rom  b e n ze n e  t o  w h i t e  n e e d l e s  ( 0 . 4 g . ) ,  m .p .  
1 4 4 - 1 4 5 . 5 ° ;  mixed w i t h  t h e  c h l o r i n a t i o n  p r o d u c t  f ro m  e x p e r i m e n t  
1 4 ,  ( 1 : 1 ) ,  m .p .  1 4 4 - 1 4 5 ° .
I n f r a - r e d  a b s o r p t i o n  s p e c t r a  o f  e t h y l e n e  o x a l a t e  i n  a 
, N u j o l T 'm u l l ,  and t h e  c h l o r i n a t i o n  p r o d u c t  f rom e x p e r i m e n t  14 
i n  a  ’N u jo l*  m u l l  were  i d e n t i c a l .
1 6 .  P r e p a r a t i o n  o f  d e r i v a t i v e s  to  c h a r a c t e r i s e  1 , 2 - d i c h l o r o e t h a n e  
. -  U s in g  a u t h e n t i c  1 , 2- d i c h l o r o e t h a n e  (0 . 6g . ) ,  an  a t t e m p t  to  
p r e p a r e  t h e  d i ( 2 - n a p h t h y l ) e t h e r  w i t h  e t h a n o l i c  p o t a s s i u m
-1 1 1 -
h y d r o x i d e  ( 0 . 9 g .  i n  1 0 m l . )  and 2 - n a p h t h o l  ( 2 . 4 g . ) ,  t h e  m i x t u r e  
b e i n g  b o i l e d  u n d e r  r e f l u x  f o r  6-J- h o u r s ,  (F. W i l d f s ,  
’ C h a r a c t e r i s a t i o n  o f  O rg a n ic  Compounds’ , 2nd.  E d i t i o n ,  p .  44)  
l e d  t o  a p r o d u c t ,  m .p .  7 6 - 1 2 1 ° ,  which  was  s e p a r a t e d  by aqueous  
e t h a n o l  i n t o  c o l o u r l e s s  p l a t e s  ( O. OSg. ) ,  m. p .  2 1 8 - 2 1 9 ° ,  and 
c o l o u r l e s s  p l a t e s  ( 0 . 2 9 g . ) ,  m .p .  , 8 0 . 5 - 8 1 . 5 ° ,  t h e  l a t t e r  
c o n t a i n i n g  c h l o r i n e .  (R e p o r te d  m .p .  o f  th e  r e q u i r e d  d e r i v a t i v e ,  
2 1 7 ° )
• C h l o r i n a t i o n  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n , -  
e x a m i n a t i o n  o f  t h e  p r o d u c t s  f o r  1 , 2 - d i c h l o r o e t h a n e . -  C h l o r in e  
was b u b b le d  t h r o u g h  a m e l t  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 -  
d i o x a n  ( 6 0 g . )  and a  c r y s t a l  o f  i o d i n e ,  a t  1 4 0 - 1 2 0 ° ,  f o r  15 
h o u r s .  D u r in g  t h i s  t im e  a d i s t i l l a t e  was c o l l e c t e d ;  d r o p s  o f  
d i s t i l l a t e  r e m a i n i n g  i n  t h e  c o n d e n s e r  and s t i l l  head  were  washed 
i n t o  t h e  d i s t i l l a t e  p r o p e r  w i t h  e t h e r  ( 2 5 m l . )  and w a t e r  ( 2 5 m l . ) .  
T h i s  m i x t u r e  was t h e n  sh a k en  w i t h  e t h e r  (2 5 m l . )  and a q u eou s  
sodium b i c a r b o n a t e  (10%, 2 5 m l . ) ;  t h e  e t h e r e a l - l a y e r  ( u p p e r )  
was sh a k en  w i t h  aqueous  sodium t h i o s u l p h a t e  (10%, 10m l . ) ,  
washed w i t h  w a t e r  (2 # 2 5 m l . )  and d r i e d  (NagSO^.). S o l v e n t  was 
removed by d i s t i l l a t i o n ,  l e a v i n g  a  l i q u i d  r e s i d u e ,  w hich  was 
d i s t i l l e d  a t  a t m o s p h e r i c  p r e s s u r e ,  t h e  f o l l o w i n g  f r a c t i o n s  
b e i n g  c o l l e c t e d :
-1 1 2 -
f r a c t i o n b . p . w e i g h t a p p e a r a n c e
( i ) 8 0 -9 8 ° 0 . 3 5 g . c o l o u r l e s s  l i q u i d
( i i ) 1 10 -1 2 8° 0 . 5g . n it
The r e s i d ii xe d i d  n o t  d i s t i l 0 .5 g . b l a c k  ”
| a t  b a t h  t e m p e r a t u r e  140° ii
F r a c t i o n  ( i ) ( 0 . 3 5 g . )  was t r e a t e d  w i t h  a s o l u t i o n  o f  2 - n a p h t h o l  
( 1 . 6 g . ,  0 .0 0 5  m o le )  and p o t a s s i u m  h y d r o x i d e  ( 0 . 6 g . ,  0*005 m o le )  
i n  e t h a n o l  (10m l . ) 3 and t h i s  was h e a t e d  t o  r e f l u x  f o r  &§• h o u r s .  
The g r e e n  r e a c t i o n  m i x t u r e  was po u red  i n t o  a q u e o u s  c a u s t i c  
p o t a s h  ( 2g .  i n  20m l . ) ,  t h e  r e m a i n d e r  i n  t h e  f l a s k  b e i n g  
t r a n s f e r r e d  w i t h  w a t e r  ( 1 0 m l . ) .  The a q u e o u s  m i x t u r e  was 
f i l t e r e d ,  b u t  no p r e c i p i t a t e  was o b t a i n e d .
F r a c t i o n  ( i i ) ( 0 . 5 g . )  was h e a t e d  w i t h  a s o l u t i o n  o f  2 - n a p h t h o l  
( 2 . I g . ,  0 .0 0 7  m o le )  and p o t a s s i u m  h y d r o x i d e  ( O .S g . ,  0 .0 0 7  m ole )  
i n  e t h a n o l  (10m l . ) ;  t h e  r e a c t i o n  m i x t u r e  was t r e a t e d  i n  th e  
same manner  a s  f o r  f r a c t i o n  ( i ) ;  t h e r e  was no p r e c i p i t a t e .
I S .  C h l o r i n a t i o n  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n , -  
e x a m i n a t i o n  o f  t h e  p r o d u c t s  f o r  m o n o c h l o r o - d e r i v a t i v e s . -  ( a ) 
C h l o r i n e  was l e d  i n t o  m o l t e n  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 -  
d i o x a n  ( 6 7 g . ) c o n t a i n i n g  a c r y s t a l  o f  i o d i n e ,  t h e  r e a c t i o n  
m i x t u r e  b e i n g  k e p t  a t  a p p r o x i m a t e l y  1 4 0 ° ,  u n t i l  t h e  i n c r e a s e  
i n  w e i g h t  ( 1 5 . 5 g . )  c o r r e s p o n d e d  w i t h  t h e  s u b s t i t u t i o n  o f  one 
a to m ic  p r o p o r t i o n  o f  c h l o r i n e .  The m i x t u r e  on b e i n g  h e l d  a t  
8 0 - 9 5 ° /  17 mm. f o r  5 h o u r s ,  f u r n i s h e d  a c o l o u r l e s s  c r y s t a l l i n e  
s u b l i m a t e  ( 2 2 . 6g„ ),  m .p .  1 2 7 - 1 3 5 ° ;  one r e c r y s t a l l i s a t i o n  f rom  
c a rb o n  t e t r a c h l o r i d e  r a i s e d  t h e  m .p .  t o  1 3 3 - 1 3 8 ° ,  u n d e p r e s s e d
-1 1 3 -
on a d m i x t u r e  w i t h  t h e  s t a r t i n g  m a t e r i a l .  The l i q u i d  r e s i d u e  
a f t e r  s u b l i m a t i o n  was d i s t i l l e d ,  and t h e  f o l l o w i n g  f r a c t i o n s  
c o l l e c t e d :
f r a c t i o n b . p . w e ig h t c h l o r i n e  c o n t e n t  
(V o l h a r d )
( i ) 9 8 - 1 0 8 ° /  0 . 2  mm. 6 . 4 g . 2 0 .6
( i i ) 1 0 8 - 1 2 5 ° /  0 . 2  mm. 3 .  3 g . 2 6 .0
( i i i ) 1 2 5 - 1 5 0 ° /  0 . 2  mm. 1 • 6g . 2 5 .4
The r e s i d u e  d i d  n o t 1 4 . 5g. 14.8%
d i s t i l  a t  /  0 . 2  mm., b a t h
t e m p e r a t u r e  2 4 5 ° .
( C a l c u l a t e d  f o r  C5H9O4.CI: C l ,  1 9 .7 % .)
I S . -  (b)  I n  a n o t h e r  e x p e r i m e n t  u s i n g  50g.  o f  s t a r t i n g  m a t e r i a l  
t h e  p r o d u c t s  w ere  a s  f o l l o w s :
Unchanged t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 6 . 5 g . ) ,  
m .p .  and mixed m .p .  1 3 3 - 1 3 8 ° .
f r a c t i o n b . p . w e ig h t c rh lo r in e  c o n t e n t  
( V o l h a r d )
( i ) 1 0 0 - 1 5 4 ° /  17 mm. 1 8 . Og. 1 7 .0
( i i ) 9 9 - 1 2 0 ° /  0 . 2  mm. l . O g . 1 9 .3
( i i i ) 1 2 0 - 1 4 2 ° /  0 . 2  mm. 1 .  5g. 2 0 .1
( i v ) 1 4 2 - 1 4 8 ° /  0 . 2  mm. 1 . 5 g . 1 6 .5
The r e s i d u e  d i d  no$ d i s t i l 2 0 . 0 g . 11.9%
a t  /  0 . 2 mm., b a t h
t e m p e r a t u r e  2 2 0 ° .
- 1 1 4 -  U
; j ; !
19 .  D e r i v a t i v e s  o f  d i ( 2 - c h l o r o e t h y l ) o x a l a t e . -  ( a )  A t t e m p te d  ij;
r e a c t i o n  w i t h  t h i o u r e a . D i ( 2 - c h l o r o e t h y l ) o x a l a t e  f rom  §
; | ! | i
a u t h e n t i c  o x a l i c  a c i d  (p .  106 ,  e x p e r i m e n t  1 2 , ) ( l . l g . ,  0 .0 0 5  !
m o le )  was d i s s o l v e d  w i t h  t h i o u r e a  (0 . 8 g . ,  0 . 0 1  m o le )  i n  b o i l i n g  lr:
e t h a n o l  ( 5 m l . ) ,  and h e a t i n g  was c o n t i n u e d  f o r  5 h o u r s ,  d u r i n g  |
w hich  t h e  s o l u t i o n  became p a l e  y e l l o w .  I t h a n o 1 -damp p i c r i c  |
a c i d  ( 3 . 4 g .  ) was t h e n  added t o  t h e  r e a c t i o n  s o l u t i o n ,  and ft
I i i  | ;
h e a t i n g  was c o n t i n u e d  u n t i l  a  c l e a r  s o l u t i o n  was o b t a i n e d  If
( a p p r o x i m a t e l y  4 m i n u t e s ) ;  t h e  s o l u t i o n  was c o o le d  and y e l l o w  • || 
p l a t e s  s e p a r a t e d  ( 0 . 0 5 g o ) ,  m .p .  1 1 5 - 1 1 9 ° ,  which  e f f e r v e s c e d  
i n  a q u eo us  sodium b i c a r b o n a t e .  j!
i l l iib:
1 9 . -  (b )  P r e p a r a t i o n  o f  a d e r i v a t i v e  w i t h  p - a n i s i d i n e .  Ii
: —  , ,,
D i ( 2 - c h l o r o e t h y l ) o x a l a t e  f rom  a u t h e n t i c  o x a l i c  a c i d  ( e x p e r im e n t  g; 
1 2 . ) ( 2 . 2g . ,  0 . 0 1  m o le )  were w e l l  mixed and h e a t e d  t o  100° .  II
I n i t i a l l y  t h e  m i x t u r e  became a p a l e  y e l l o w  l i q u i d  w hich  q u i c k l y  
d e ep e n ed  i n  c o l o u r  to  y e l l o w ;  a f t e r  5 m i n u t e s  a c l o u d i n e s s  ||
tita p p e a r e d  w h ich  g r a d u a l l y  i n c r e a s e d  u n t i l  a f t e r  15 m i n u t e s  }\
h e a t i n g ,  t h e  m i x t u r e  s o l i d i f i e d  t o  a b u f f  c o l o u r e d  m ass ;  t h i s  
was washed w i t h  w a t e r  ( 5 0 m l . ) .  The a q u eo u s  w a s h in g s  gave  an  
im m e d ia te  p o s i t i v e  t e s t  f o r  i o n i s a b l e  c h l o r i n e .  The s o l i d  was |j
fo u nd  t o  be i n s o l u b l e  i n  h o t  l i g h t  p e t r o l e u m  ( b . p .  6 0 - 8 0 ° ,  fj
;;!
1 0 0 - 1 2 0 ° ) ,  b e n z e n e ,  w a t e r ,  a c e t o n e ,  c a rb o n  t e t r a c h l o r i d e ,  e t h e r ,  
c h l o r o f o r m ,  a q u eo u s  sodium h y d r o x i d e  (3N),  h y d r o c h l o r i c  a c i d  
(3N) and e t h a n o l ;  two r e  c r y s t a l l i s a t i o n s  f rom  sym- fj
t e t r a c h l o r o e t h a n e  f o l l o w e d  by t h r e e  f ro m  aq u eo u s  d i o x a n  
f u r n i s h e d  t h e  d i - j q - a n i s i d i d e  o f  o x a l i c  a c i d ,  a s  a  c o l o u r l e s s
-1 1 5 -
m ic ro  c r y s t a l l i n e  s o l i d ,  m .p ,  2 6 3 . 5 - 2 6 4 . 5 ° .  (Found:  C, 64,4-5;
H, 5 . 3 7 ;  N, 9 . 2 1 .  C16iI1 60 4N2 r e q u i r e s  C, 6 3 .9 8 ;  H, 5 . 3 7 ;  N 
9 .3 3 % .)  B i s c h o f f  and F r o h l i c h  (B e r . , 1906,  3 9 , 3975)  r e c o r d  
t h e  m .p .  a s  2 6 0 - 2 6 1 ° ,
1 9 . -  ( c )  D i ( 2 - c h l o r o e t h y l ) o x a l a t e  f ro m  t h e  c h l o r i n a t i o n  o f  
t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  £p. 104 ,  e x p e r i m e n t  8 (d)"] 
( 0 . 1 3 g . )  and j y - a n i s i d i n e  ( 0 . 1 5 g . ,  0 .0 0 0 6  m o le )  were  t r e a t e d  
a s  above  and y i e l d e d  th e  d i - ] > - a n i s i d i d e  o f  o x a l i c  a c i d ,  m .p .
2 6 3 . 5 - 2 6 4 . 5 ° ;  mixed w i t h  p r o d u c t  f rom  e x p e r i m e n t  1 9 ( b ) ,  ( 1 : 1 ) ,  
m .p .  2 6 3 . 5 - 2 6 4 . 5 ° .
The two p r o d u c t s  (from e x p e r i m e n t  1 9 ( b )  and 1 9 ( c )J had 
i d e n t i c a l  i n f r a - r e d  a b s o r p t i o n  s p e c t r a  (m easured  i n  a fN u j o l f 
m u l l ) .
20 .  A t t e m p te d  b r o m i n a t i o n  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 -  
d i o x a n . -  ( a )  N -B ro m o su cc in im ide  ( 1 4 . E g . ,  0 . 0 8  m o le )  was added 
i n  s m a l l  p o r t i o n s  ( £ a .  0 . 5 g . )  t o  a  s t i r r e d  m i x t u r e  o f  t r a n s -
2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 6g . ,  0 . 0 4  m o le )  i n  c a r b o n  
t e t r a c h l o r i d e  (35ml.  ) d u r i n g  w h ich  t im e  no a p p a r e n t  r e a c t i o n  
o c c u r r e d .  I t  was warmed ( c a .  5 0 ° )  and i l l u m i n a t e d  by a  60 w a t t  
b u l b ;  t h e  c o l o u r  o f  t h e  l i q u i d  i n  t h e  m i x t u r e  d e ep e n e d  d u r i n g
2 h o u r s  to  d e ep  o r a n g e ,  becoming p a l e  y e l l o w  a f t e r  a f u r t h e r
3 h o u r s .
The r e a c t i o n  m i x t u r e  was f i l t e r e d ;  t h e  f i l t r a t e ,  d r i e d  
(MgS04 ) ,  was h e a t e d  a t  a p r e s s u r e  s l i g h t l y  be low  a t m o s p h e r i c  
t o  remove s o l v e n t ,  l e a v i n g  a r e s i d u e  w hich  c r y s t a l l i s e d  a l m o s t  
c o m p l e t e l y .  F i l t r a t i o n  gave  c o l o u r l e s s  c r y s t a l s  ( l . O g . ) ,  m .p .
- 1 1 6 -
1 2 3 - 1 3 7 ° ,  w h i c h - d i d  n o t  c o n t a i n  b r o m in e .
2 0 . -  (b )  The p r e v i o u s  e x p e r i m e n t a l  c o n d i t i o n s  were  o b s e r v e d ,  
u s i n g  h a l f  q u a n t i t i e s  and w i t h  t h e  i l l u m i n a t i o n  by th e  60 w a t t  
b u l b  commencing a t  t h e  i n i t i a l  a d d i t i o n  o f  N -b r o m o s u c c in im id e .
A f t e r  3jr  h o u r s  s t i r r i n g  t h e r e  was a  s l i g h t  e v o l u t i o n  o f  a 
g a s  vrtiich gave  w h i t e  fumes on t r e a t m e n t  w i t h  ammonia v a p o u r ;  
a t  5 h o u r s  s t i r r i n g  th e  l i q u i d  p a r t  o f  t h e  m i x t u r e  was 
c o l o u r l e s s ;  i t  was f i l t e r e d  and s o l v e n t  was removed f ro m  t h e  
f i l t r a t e  by d i s t i l l a t i o n ,  l e a v i n g  a r e s i d u e  ( 3 . 4 g . )  which 
p a r t l y  c r y s t a l l i s e d ;  t h e  c r y s t a l l i n e  r e s i d u e  ( 2 . 8g ,  ) was 
r e c r y s t a l l i s e d  f rom  c a rb o n  t e t r a c h l o r i d e  t o  w h i t e  c r y s t a l s ,  
m .p .  1 3 1 - 1 3 5 ° ,  w h ich  d i d  n o t  c o n t a i n  b r o m in e .
2 0 . -  ( c )  T r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 1 . 5 g . ,  0 . 0 1  m o le )  
was i n t i m a t e l y  mixed w i t h  N - b ro m o s u c c in im id e  ( 3 . 6 g . ,  0 . 0 2  m o le )  
and h e a t e d  a t  140°  d u r i n g  15 m i n u t e s  i n  a s e a l e d  t u b e .  The 
r e s u l t i n g  l i q u i d  c o o le d  to  a c r y s t a l l i n e  mass w h ich  was washed 
f ro m  th e  t u b e  w i t h  h o t  c a rb o n  t e t r a c h l o r i d e  ( 2 5 m l . ) ;  t h e  
w a s h in g  was f i l t e r e d  h o t  and s o l v e n t  was removed f rom  th e  
f i l t r a t e  by d i s t i l l a t i o n ,  l e a v i n g  a r e s i d u e  (2 . 0 g .  ) w hich  
p a r t l y  c r y s t a l l i s e d  on c o o l i n g ;  t h e  c r y s t a l l i n e  r e s i d u e  ( l . O g . )  
was r e c r y s t a l l i s e d  f rom  c a rb o n  t e t r a c h l o r i d e  to  f u r n i s h  w h i t e  
c r y s t a l s ,  m .p .  1 3 0 - 1 3 7 ° ,  which  d i d  n o t  c o n t a i n  b ro m in e .
21 • B r o m i n a t i o n  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n . -  ( a )
The p r e v i o u s  e x p e r i m e n t a l  c o n d i t i o n s  e x p e r i m e n t | 2 0 ( c ) j were  
d u p l i c a t e d  w i t h  th e  e x c e p t i o n  t h a t  t h e  m i x t u r e  was h e a t e d  a t
1 2 0 -1 3 5 °  f o r  15 h o u r s .
-1 1 7 -
S o l v e n t  was removed f rom  t h e  f i l t r a t e  by  d i s t i l l a t i o n ,  
l e a v i n g  a l i q u i d  r e s i d u e  ( 1 . 2 g . )  f rom  Yvrh i c h  l i t t l e  c r y s t a l l i n e  
m a t e r i a l  s e p a r a t e d  w hich  d i d  n o t  c o n t a i n  b r o m in e .  The f i l t e r e d  
l i q u i d  was h e a t e d  a t  /  14 mm., b a t h  t e m p e r a t u r e  8 0 -1 0 0 °  f o r  
5 h o u r s ,  t o  g i v e  a  c r y s t a l l i n e  s u b l i m a t e  ( 0 . 1 9 g . ) ,  m .p .
1 2 1 - 1 3 7 ° ;  t h i s  was r e c r y s t a l l i s e d  f rom  c a rb o n  t e t r a c h l o r i d e  t o  
c o l o u r l e s s  c r y s t a l s ,  m .p .  1 3 4 - 1 3 7 ° ,  w h ich  d i d  n o t  c o n t a i n  
b r o m in e .  The m a t e r i a l  w h ich  d i d  n o t  su b l im e  ( l . O g .  ) was 
d i s t i l l e d ,  one f r a c t i o n  b e i n g  c o l l e c t e d :
f r a c t i o n )  b . p .
J  . . . . . . . . . . . . . . . . . . . .
w e i g h t
( i )  1 2 0 ° /  1 rum.
1
I
The r e s i d u e  d i d  n o t  
d i s t i l  a t  /  1 mm., b a t h  
t e m p e r a t u r e  1 8 0 ° .
0 . 7 g .  
0 .  3 g .
p a r t l y  c r y s t a l l i s e d
t o  p l a t e s
d a r k  brown l i q u i d
F r a c t i o n  ( i )  c o n t a i n e d  b ro m in e .
2 1 . -  (b )  T r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 1 3 g . ,  0 .0 8 9  m o l e ) ,  
m ixed  w i t h  N -b ro m o su c c in im id e  ( 3 1 . 6 g . ,  0 .1 7 8  m o le )  was h e a t e d  
i n  a s e a l e d  t u b e  a t  120 -1 3 5°  f o r  15 h o u r s .  The r e a c t i o n  
m i x t u r e . w a s  t h e n  sh a k en  w i t h  h o t  c a r b o n  t e t r a c h l o r i d e  ( 8 5 m l . )  
and f i l t e r e d  h o t ;  s o l v e n t  was removed f rom  t h e  f i l t r a t e  by 
d i s t i l l a t i o n ,  l e a v i n g  a v i s c o u s  y e l l o w  l i q u i d  ( 7 . 0 g . )  which  
was d i s t i l l e d ,  t h e  f o l l o w i n g  f r a c t i o n s  b e i n g  c o l l e c t e d :
-1 1 8 -
f r a c t i o n b . p . w e i g h t a p p e a ra n c e
( i ) c a .  3 0 ° /  0 . 5  mm. l . O g . a l a r g e  p r o p o r t i o n  
was s o l i d  s u b l i m a t e
( i i ) 1 0 3 - 1 1 4 ° /  0 . 2  mm. 0 • 5 g . c o l o u r l e s s  l i q u i d  
w i t h  some c r y s t a l s
( i i i  ) 1 1 5 - 1 2 2 ° /  0 . 1 5  ram. 0 .S g . c o l o u r l e s s  l i q u i d  
w i t h  few c r y s t a l s
( i v ) 1 1 4 - 1 2 6 ° /  0 . 1  mm. 0 . 6 5 g . c o l o u r l e s s  l i q u i d
The r e s i d u e  d i d  n o t  d i s t i l 4 . 0 g . r e d  v i s c o u s  l i q u i d
a t  /  0 . 1  mm., b a t h !
t e m p e r a t u r e  1 5 5 ° . i .......... -.....-...
F r a c t i o n  ( i v )  p a r t l y  c r y s t a l l i s e d  011 s t a n d i n g ,  i n t o  p l a t e s  
( 0 . 0 7 g . )  which  were  r e c r y s t a l l i s e d  t w i c e  f rom  c a rb o n  
t e t r a c h l o r i d e  to  w h i t e  p l a t e s ,  m .p .  5 3 - 5 4 ° ;  t h i s  compound, 
w h ich  c o n t a i n e d  b r o m in e ,  on h e a t i n g  w i t h  h y d r o c h l o r i c  a c i d  
(3N) and B r a d y Ts r e a g e n t  d i d  n o t  g i v e  an  o r a n g e  p r e c i p i t a t e ;  
f r a c t i o n s  ( i ) ,  ( i i ) ,  ( i i i )  were  t r e a t e d  i n  t h e  same m an ne r ,  
e a c h  p r o d u c i n g  an o r a n g e  p r e c i p i t a t e .
2 1 . -  ( c )  T r a n s - 2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n  ( 1 9 . 5 g . ,  0 .1 3 5  
m o le )  and N -b ro m o su c c in im id e  ( 2 5 . 2 g . , 0 .1 4 3  m o le )  were  h e a t e d  
t o g e t h e r  i n  a s e a l e d  t u b e  a t  12 0°  f o r  2 if- h o u r s .
The c o o le d  m i x t u r e  was e x t r a c t e d  w i t h  c a r b o n  t e t r a c h l o r i d e  
(3 0 0 m l . )  i n  a S o x h l e t  a p p a r a t u s  f o r  10 h o u r s .  The ca rb o n  
t e t r a c h l o r i d e  s o l u t i o n  was f i l t e r e d ,  d r i e d  (MgSO^), and th e  
s o l v e n t  was removed by  d i s t i l l a t i o n ,  l e a v i n g  a r e s i d u e  f rom  
w h ich  c r y s t a l s  sub l im e d  a t  /  14 mm., b a t h  t e m p e r a t u r e  8 5 ° ;
-1 1 9 -
t h e s e  d i d  n o t  c o n t a i n  b r o m in e .  The m a t e r i a l  w h ich  d i d  n o t  
s u b l im e  was d i s t i l l e d ,  and a f r a c t i o n ,  among o t h e r s ,  b . p .  
1 2 0 - 1 4 0 ° /  1 mm. was c o l l e c t e d  which  p a r t l y  c r y s t a l l i s e d  i n t o  
p l a t e s  (0 . 22g . ) ;  r e c r y s t a l l i s a t i o n  f rom  c a r b o n  t e t r a c h l o r i d e  
and t h e n  f rom  b e n z e n e / l i g h t  p e t r o l e u m  ( b . p .  6 0 - 8 0 ° )  gave 
d i ( 2 - b r o m o e t h y l ) o x a l a t e  a s  c o l o u r l e s s  p l a t e s  ( 0 . 0 5 g . ) ,  m .p .  
5 4 . 8 - 5 5 . 5 ° .
22.  P r e p a r a t i o n  o f  d i ( 2- b r o m o e t h y l ) o x a l a t e . -  T h i s  compound 
was p r e p a r e d  f ro m  o x a l i c  a c i d  ( a n h y d r o u s )  and e t h y l e n e  
b ro m o h y d r in  b y  t h e  method u s e d  f o r  d i ( 2 - c h l o r o e t h y l ) o x a l a t e  
( p . .1 0 6 ,  e x p e r i m e n t  1 2 . ) .  D i ( 2 - b r o m o e t h y l ) o x a l a t e  was o b t a i n e d  
a s  c o l o u r l e s s  p l a t e s  (6g .  f ro m  4 . 5 g .  o f  o x a l i c  a c i d )  f rom  
b e n z e n e / l i g h t  p e t r o l e u m  ( b . p .  6 0 - 8 0 ° ) ,  m .p .  5 5 . 0 - 5 5 . 8 ° . . (Pound;^  
C, 2 3 .3 9 ;  H, 2 . 7 6 ;  B r ,  5 3 . 0 2 .  C a l c u l a t e d  f o r  CgHgO^Brg: C,
2 3 .7 1 ;  H, 2 . 6 6 ;  B r ,  5 2 .7 % .)
The i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  t h i s  compound i n  
c a r b o n  d i s u l p h i d e  was i d e n t i c a l  w i t h  t h a t  o f  t h e  b r o m i n a t i o n  
p r o d u c t ,  m .p .  5 4 . 8 - 5 5 . 5 ° ,  o f  e x p e r i m e n t  2 1 ( c ) .  The mixed 
m .p .  ( 1 : 1 )  showed no d e p r e s s i o n .
23 ,  A t t e m p te d  r e a c t i o n  o f  d i ( 2 - b r o m o e t h y l ) o x a l a t e  w i t h  
t h i o u r e a , -  u s i n g  a u t h e n t i c  e s t e r  ( e x p e r i m e n t  2 2 . ) . -  ( a )
D i ( 2 - b r o m o e t h y l ) o x a l a t e  ( 0 . 5 g . ,  0 .0 0 1 7  m o le )  and t h i o u r e a  
(0 . 5g . ,  0 .0 0 6  m o le )  were d i s s o l v e d  i n  b o i l i n g  e t h a n o l  ( 6m l . ) 
and t h e  h e a t i n g  was c o n t i n u e d  f o r  20 m i n u t e s .  E t h a n o l - m o i s t  
p i c r i c  a c i d  (0 . 7g . )  was t h e n  added  and t h e  m i x t u r e  was f u r t h e r  
r e f l u x e d  f o r  5 m i n u t e s .  The s o l u t i o n  was c o o le d  and y e l l o w
-1 2 0 -
p r i s m s  ( 0 . 4 g . )  were  o b t a i n e d ,  w i t h  v e r y  i n d e f i n a t e  m .p .  be tw een  
116°  ( s o f t e n s )  and 1 7 7 ° ;  t h e s e  v\rere shaken  w i t h  b o i l i n g  
e t h a n o l  ( 2 5 m l . )  and t h e  m i x t u r e  f i l t e r e d  h o t .  The r e s i d u e  
( O . l g . )  was a y e l l o w  powder ,  m .p .  2 0 7 ° ( d e c o m p . ) which  d i d  
n o t  e f f e r v e s c e  i n  aqueous  sod ium  b i c a r b o n a t e ;  t h e  mixed m . p . ,  
( 1 : 1 ) ,  w i t h  t h i o u r e a  (m .p .  1 7 2 ° (decomp. ) was 1 7 0 ° (decomp. ) ;  
t h e  f i l t r a t e  d i d  n o t  c r y s t a l l i s e ,  and e f f e r v e s c e d  i n  a q ueou s  
sod ium  b i c a r b o n a t e .
2 3 . -  (b )  D i ( 2 - b r o m o e t h y l ) o x a l a t e  ( 0 . 5 g . ,  0 .0 0 1 7  m o le )  and 
t h i o u r e a  ( 0 . 2 5 g . ,  0 .0 0 3 3  m o le )  w ere  d i s s o l v e d  i n  b o i l i n g  
e t h a n o l  ( 5 m l . )  and h e a t e d  f o r  75 m i n u t e s .  A w h i t e  s o l i d  was 
d e p o s i t e d  w h i l s t  t h e  s o l u t i o n  was b o i l i n g ;  e t h a n o l  ( 5 m l . )  m s  
added  and t h e  m i x t u r e  was b o i l e d  to  r e f l u x  f o r  l j  h o u r s ;  t h e  
w h i t e  p r e c i p i t a t e  ( O . l g . )  r e m a in e d ,  m .p .  2 0 6 - 2 0 7 ° (decom p.);• i t  
c o n t a i n e d  n i t r o g e n  and b ro m in e ,  was s o l u b l e  i n  c o ld  w a t e r ,  
h o t  aqueou s  h y d ro g e n  b rom id e  (43%) and m e t h a n o l ,  w i t h o u t  
c r y s t a l l i s a t i o n  on c o o l i n g ,  and was i n s o l u b l e  i n  h o t  a c e t o n e ,  
e t h a n o l  and d i o x a n ;  i t  c o u ld  n o t  be  r e c r y s t a l l i s e d  f rom  any 
c o m b i n a t i o n  o f  t h e  above s o l v e n t s .
2 3 » -  ( c )  D i ( 2 - b r o m o e t h y l ) o x a l a t e  ( 0 . 2 5 g . ,  0 .0 0 0 9  m o le )  and 
t h i o u r e a  ( 0 . 1 5 g . ,  0 .0 0 2  m o le )  were  d i s s o l v e d  i n  b o i l i n g  
m e t h a n o l  ( 5 m l . ) ,  and h e a t e d  f o r  1 h o u r .  P i c r i c  a c i d  ( 0 . 4 g . )  
i n  m e t h a n o l  ( 2m l . )  m s  added and t h e  m i x t u r e  Y7a s  h e a t e d  u n t i l  
i t  became c l e a r  (5 m i n u t e s ) .  The r e a c t i o n  s o l u t i o n  was a l lo w e d  
t o  s t a n d ,  b u t  t h e r e  was no c r y s t a l l i s a t i o n ;  w a t e r  (10m l . )  was 
added  and th e  s o l u t i o n  was c o o l e d ,  i n  a  b a t h  o f  i c e ,  to  p ro d u ce
-1 2 1 -
p l a t e s  ( 0 . 2 g o ) ,  m .p .  1 1 5 - 1 5 8 ° ,  w h ich  e f f e r v e s c e d  i n  aqu eo us  
sod ium  b i c a r b o n a t e ;  t h e  p l a t e s  were  sh ak en  w i t h  b o i l i n g  
b e n ze n e  ( 20m l . ) ,  f i l t e r e d ,  and b e n ze n e  was removed f rom  t h e  
f i l t r a t e  by  d i s t i l l a t i o n ,  l e a v i n g  y e l l o w  p l a t e s  ( 0 . 1 8 g « ) ,  m .p .  
1 1 6 -1 2 1 °  which e f f e r v e s c e d  i n  a q u e o u s  sodium b i c a r b o n a t e .
E x p e r im e n t  2 ( a ) , (p .  96)
The i n f r a - r e d  a b s o r p t i o n  o f  t r a n s - 2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o m n  
( 0 . 1 9 8 4 g . )  i n  c a r b o n  d i s u l p h i d e  (20ml,  )•
P a t h  l e n g t h  o f  t h e  c e l l :  0,25mm,
R e c o r d i n g  t im e :  33 m i n u t e s .
*"*'1 j—4There  was no a b s o r p t i o n  i n  t h e  r a n g e  1600~1800cm. , 0
*3  ^  a b s o r p t i o n  ________ iO
1348 cmT1
1S83 c e l . 1
1157 cmT1
1126 cmT1
1096 cmT1
-1 2 3 -
Exp e r  irae 111 3 ( d ) .  (p . 10 4 .  )
The i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  t h e  compound, m .p .  3 9 -40 °  
( 0 . 1 0 4 0 g . )  i n  c a rb o n  d i s u l p h i d e  (1 0 m l . )*
P a t h  l e n g t h  o f  t h e  c e l l :  0.75mm.
R e c o r d i n g  t im e :  15 m i n u t e s .
o
2971 cm
1774 cm'
1747' cm.
- 1 _ _1332 cm
- 1  _
7~~*—
1159 cm
- 1
- 1977 cu
750
—124*-
E x p e r im e n t  1 2 . (p . 1 0 6 , )
The i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  d i - ( 2 - c h l o r o e t h y l ) 
o x a l a t e  ( 0 , 1 0 5 6 g . )  i n  c a r b o n  d i s u l p h i d e  (1 0 m l . )*
P a t h  l e n g t h  o f  th e  c e l l :  1mm.
R e c o r d in g  t im e :  15 m i n u t e s .
% a b s o r p t i o n
- 11773 cm’
1382 cm’
1305 cm
- 11159 cm
- 11013 cm'
982 cm
- 1.7 50 cm
-1 2 5 -
E x p e r im e n t  1 5 ( e ) . (p .  1 0 8 . )
The i n f r a - r e d  a b s o r p t i o n  s p e c t r a ,  i n  each  c a s e ,  were  r e c o r d e d  
o f  a  t h i n  f i l m : -
( i )  t h e  l i q u i d  r e s i d u e .
( i i )  t h e  r e s i d u e ,  a f t e r  b e i n g  h e a t e d  i n  b o i l i n g  c a r b o n  
t e t r a c h l o r i d e  f o r  1 h o u r .
( i i i )  t h e  r e s i d u e ,  a f t e r  b e i n g  h e a t e d  a t  1 5 0 -1 6 0°  f o r  15 
m i n u t e s .
2970 cm
- 1
1774 cm
E x p e r i m e n t  14-, (p .  109,  )
The i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  t h e  compound, m .p .  144 
1 4 5 * 5 ° ,  i n  a * N u j o l ? m u l l .
R e c o r d in g  t im e :  15  m in u te s*
(The s p e c t ru m  o f  e t h y l e n e  o x a l a t e  was i d e n t i c a l . )
2908 cmT1
- 11770 cm.
- 11445 cm 
1414 cm' 
1372 cm'
1320 cm* 
1256 cm’.
- 11151 cm' 
1083 cm’.
- 1
-1 2 7 -
E x p e r im e n t  2 1 ( c ) . (p . 1 1 9 . )
The i n f r a - r e d . a b s o r p t i o n  s p e c t r u m  o f  t h e  compound, m .p .  5 4 . 8 -  
5 5 . 5 °  ( 0 . 0 2 0 2 g . )  i n  c a rb o n  d i s u l p h i d e  ( 5 m l . J .
P a t h  l e n g t h  o f  t h e  c e l l :  2mm.
R e c o r d i n g  t im e :  15 m i n u t e s .
% a b s o r p t i o n
HI2948 cm
1774 cm
- 11745 cm
1365 cm,
- 11305 cm
- 11157 cm
973 cm
The i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  d i ( 2 - b r o m o e t h y l ) o x a l a t e  
( O .O l l B g . )  i n  c a rb o n  d i s u l p h i d e  ( 5 m l . ) .
P a t h  l e n g t h  o f  t h e  c e l l :  2mm.
R e c o r d i n g  t im e :  15 m i n u t e s .
- 1 2 9 -  
P a r t  H i :
1 .  TD i e t h y l  2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n - 5 , 6- d i c a r b o x y l a t e ? . -  
T h is  compound was p r e p a r e d  a c c o r d i n g  t o  B o e s e k e n ,  T e l l e g e n  
and H e n r iq u e z  (J . Amer. Chem. S o c . , 1933,  5J5, 1284)  f rom  
t r a n s - 2 , 5 - d i c h l o r o - l , 4 - d i o x a n  ( 7 8 . 5 g . ,  0 . 5  m o le )  and d i e t h y l  
( l ) - t a r t r a t e  ( 1 0 3 g . ,  0 . 5  m o le )  i n  d i o x a n  ( 5 0 m l . ) ;  a d i s t i l l a t e  
( 3 8 g . ) ,  b . p .  1 7 5 - 1 9 0 ° /  2 mm., was c o l l e c t e d ,  which  s o l i d i f i e d ,  
and when r e c r y s t a l l i s e d  r e p e a t e d l y  f rom  e t h a n o l  gave  c o l o u r l e s s  
c r y s t a l s  ( 1 8 . 8 g . ) ,  m .p .  9 3 - 9 3 . 5 °  , j~'o/ - 5 6 . 4 °  ( c o n s t a n t ;  1 ,
2 . 0 ;  c ,  0 . 7 1 7 ;  i n  e t h a n o l ) ,  [p ound :  49*74; II, 6.39%; M.Wt. 
( R a s t )  256* 233 j s a p o n i f i c a t i o n  e q u i v a l e n t  1 4 2 . 8 ,  1 4 7 . 4 .  
C12-H18°8  r e l u i r e s  4 9 .6 6 ;  H, 6.19%; M.Wt. 290;  s a p o n i f i c a t i o n  
e q u i v a l e n t  1 4 5 .6 . J
2 . A t t e m p te d  r e a c t i o n  o f  d i e t h y l  2 , 5 - e t h y l e n e d i o x y - l , 4 - d i o x a n -  
5 , 6 - d i c a r b o x y l a t e  w i t h  h y d r a z i n e . -  D i e t h y l  2 , 3 - e t h y l e n e d i o x y -
l , 4 - d i o x a n - 5 , 6 - d i c a r b o x y l a t e  (XIV, 0 . 5 g . ,  0 ,0 0 1 7  m o le )  was 
h e a t e d  i n  a  b o i l i n g  s o l u t i o n  o f  h y d r a z i n e  h y d r a t e  (0 • 86 g . ,
0 . 0 0 2  m o le )  i n  w a t e r  ( 1 1 m l . )  f o r  4 h o u r s ,  a t  t h e  end o f  which  
t h e  e s t e r  had  d i s s o l v e d .  The s o l u t i o n  was c o o l e d ;  c r y s t a l s  
s e p a r a t e d  w hich  were  washed w i t h  w a t e r  ( 1 0 m l . ) .  These  had m .p .
9 3 . 5 - 9 4 . 5 ° ,  and d i d  n o t  c o n t a i n  n i t r o g e n .  They were  r e t u r n e d  
to  t h e  m i x t u r e  w hich  was f u r t h e r  b o i l e d  u n d e r  r e f l u x  f o r  2 
h o u r s ;  on c o o l i n g ,  f i n e  n e e d l e s  s e p a r a t e d ,  m .p .  9 3 . 5 - 9 4 ° ,  
vrtiich d i d  n o t  c o n t a i n  n i t r o g e n ;  mixed w i t h  (XIV) ( 1 : 1 ) ,  m .p .  
9 3 - 9 4 ° ,
3* I n t e r a c t i o n  o f  d i e t h y l  2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n ~ 5 , 6-
-1 3 0 -
d i c a r b o x y l a t e  w i t h  ammonia i n  e t h a n o l . -  Ammonia gas  ( d r i e d
o v e r  s o d a l i m e ) was b u b b le d  a t  a f a s t  r a t e  t h r o u g h  a s o l u t i o n
o f  d i e t h y l  2 , 3 - e t h y l e n e d i o x y ~ l , 4 - d i o x a n - 5 , 6- d i c a r b o x y l a t e  (
9 . 0 g . ,  0 .0 3 1  m o le )  i n  e t h a n o l  ( 2 2 0 m l . )  f o r  3 h o u r s ,  d u r i n g
which  a w h i t e  p r e c i p i t a t e  ( 2 . 8 g » ) ,  m .p .  2 3 9 - 2 4 0 ° (decomp. )
s e p a r a t e d ,  and was f i l t e r e d  o f f ;  i t  was n o t  a p p r e c i a b l y  s o l u b l e
i n  c a rb o n  t e t r a c h l o r i d e ,  c h l o r o f o r m  and e t h e r ,  and m o d e r a t e l y
s o l u b l e  i n  h o t  a c e t o n e ,  e t h a n o l  and c o ld  m e t h y l e n e  c h l o r i d e ;
i t  was r e c r y s t a l l i s e d  r e p e a t e d l y  f rom  a c e t o n e ,  d i o x a n ,  and
e t h a n o l  t o  g i v e  s m a l l  n e e d l e s  o f  a compound ( l . l g . ) ,  m .p .
r i2 5
2 4 3 - 2 4 3 .5 ° ( d e c o m p . ) , ! <  d - 4 4 . 4 ° ( 1 ,  2 . 0 ;  c ,  0*0394;  i n  e t h a n o l ) *  
(Found:  0 ,  4 6 .1 7 ;  H, 6 . 3 9 ;  N, 5 . 7 1 .  C a l c u l a t e d  f o r  C10H1507N:
C, 4 5 . 9 8 ;  H, 5 . 7 5 ;  N, 5 .3 6 % .)
S o l v e n t  was removed f rom  t h e  f i l t r a t e  f rom  t h e  p r o d u c t ,  
m .p .  2 3 9 - 2 4 0 ° ( d e c o m p . ), by  d i s t i l l a t i o n .  C r y s t a l l i n e  m a t e r i a l  
( 1 . 3 g . )  s e p a r a t e d  f rom  t h e  r e s i d u e  on c o o l i n g ;  t h i s  was 
. r e c r y s t a l l i s e d  f rom  a c e t o n e  t o  g i v e  s m a l l  n e e d l e s  ( 0 . 3 g . ) ,  
m .p .  2 1 6 - 2 1 8 ° .  C o n c e n t r a t i o n  o f  t h e  f i l t r a t e  f rom  t h i s  s o l i d  
(w a t e r - p u m p ) f u r n i s h e d  a  gum ( 2 . 4 g „ ) .
4 .  H y d r o l y s i s  o f  d i e t h y l  2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n - 5 , 6-  
d i c a r b o x y l a t e . -  ( a )  D i e t h y l  2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n - 5 , 6-  
d i c a r b o x y l a t e  ( 2 9 g . ,  0 . 1  m o l e ) ,  a  s o l u t i o n  o f  p o t a s s i u m  
h y d r o x i d e  ( 9 . 2 g . ,  0 . 2  m o le )  i n  w a t e r  ( 9 1 m l . ) ,  and e t h a n o l  ( 5 m l . )  
were  b o i l e d  u n d e r  r e f l u x  f o r  6 h o u r s .  Some s o l v e n t  was t h e n  
removed ( 20m l . )  by d i s t i l l a t i o n  a t  s l i g h t l y  r e d u c e d  p r e s s u r e .
The l i q u i d  r e s i d u e  w a s , s h a k e n  w i t h - w a t e r  (1 8 0 m l . )  and e t h e r
-1 3 1 -
( 200m l* ) ;  t h e  aqueous  l a y e r  ( l o w e r )  was sh a k en  w i t h  e t h e r  
(100 ,  5 0 m l . )  and t h e  e t h e r e a l  w a sh in g s  and s o l u t i o n  were  
combined ,  s h a k e n  w i t h  w a t e r  ( 5 0 m l . ) ,  and d r i e d  (MgSO^); e t h e r  
was removed f rom  t h i s  by d i s t i l l a t i o n  l e a v i n g  a n e g l i g i b l e  
r e s i d u e .
The aqueous  s o l u t i o n  and w a s h in g s  were combined (pH 7 )  
and d i v i d e d  i n t o  two e q u a l  p o r t i o n s  (175ml* e a c h ) ;  a  p o r t i o n  
was e v a p o r a t e d  t o  a c l e a r  gum w hich  showed s i g n s  o f  
c r y s t a l l i n i t y . T h i s  became a g l a s s  on s t a n d i n g  i n  a  d e s i c c a t o r  
o v e r  c a l c i u m  c h l o r i d e  f o r  4 d a y s  and r e t u r n e d  t o  t h e  gummy 
s t a t e  on r e e x p o s u r e  to  a i r .  (An e x a c t l y  s i m i l a r  e x p e r im e n t  
u s i n g  sodium h y d r o x i d e  f u r n i s h e d  a s t a b l e  c r y s t a l l i n e  sodium 
s a l t  r e s i d u e . )
The o t h e r  p o r t i o n  was t r e a t e d  i n  a  number o f  w a y s : -
( a )
w i t h  aq u eo u s  b a r i u m  c h l o r i d e  i t  gave  a c l e a r  s o l u t i o n *
( b )
w i t h  aqueo u s  l e a d  n i t r a t e  t h e r e  was a w h i t e  p r e c i p i t a t e  which  
was s o l u b l e  i n  e x c e s s  o f  th e  r e a g e n t ,  p a r t l y  s o l u b l e  i n  h o t  
w a t e r ,  i n s o l u b l e  i n  e t h a n o l  and e t h e r ,  s o l u b l e  i n  n i t r i c  a c i d  
(3N),  and decomposed a t  c a .  7 0 ° ;  t h i s  w h i t e  p r e c i p i t a t e  was 
t r e a t e d  w i t h  h o t  w a t e r ,  and on c o o l i n g ,  f rom  t h e  f l i t r a t e  was 
d e p o s i t e d  n e g l i g i b l e  s o l i d ;  e t h a n o l  was added and a c o p io u s  
w h i t e  p r e c i p i t a t e  was o b t a i n e d  w h ich  was i s o l a t e d  and washed 
w i t h  Y;ater  ( 1 0 m l . ) ,  e t h a n o l  ( 1 0 m l . ) ,  and e t h e r  ( 1 0 m l . ) ;  some 
Of t h i s  s o l i d  was t r e a t e d  w i t h  w a t e r ,  and a q ueo u s  sod ium  i o d i d e
-1 3 2 -
was added t o  t h e  f i l t r a t e  w i t h o u t  t h e  p r e c i p i t a t i o n  o f  y e l l o w  
l e a d  i o d i d e ;  some o f  t h e  w h i t e  s o l i d  mas c o m p l e t e l y  d i s s o l v e d  
i n  n i t r i c  a c i d  (3N),  f o l l o w e d  by a q u e o u s  sodium i o d i d e ,  and 
a y e l l o w  p r e c i p i t a t e  was o b t a i n e d  f rom  t h e  m i x t u r e .
The w h i t e  p r e c i p i t a t e  (0 . 2g . ) ,  o b t a i n e d  w i t h  l e a d  n i t r a t e ,  
was washed w i t h  w a t e r  (10m l . ) ,  e t h a n o l  (10m l . )  and t h e n  e t h e r  
( 20m l . 0 ; i t  was t h e n  sh a k e n  i n  an  a tm o s p h e re  o f  d r i e d  (P2O5 ) 
h y d ro g e n  s u l p h i d e  f o r  5 m i n u t e s  d u r i n g  which  t h e  c o l o u r  changed 
f rom  w h i t e  t o  b l a c k ;  a i r  was b lown t h r o u g h  i n  o r d e r  to  remove 
e x c e s s  h y d r o g e n  s u l p h i d e ,  and t h e  b l a c k  r e s i d u e  was sh a k en  
w i t h  w a t e r  ( 5 m l . ) ,  f i l t e r e d ,  and t h e  f i l t r a t e ,  which  had  an 
a c i d  r e a c t i o n  t o  l i t m u s ,  was  e v a p o r a t e d  u n d e r  d i m i n i s h e d  
p r e s s u r e  (w a te r -p u m p )  i n  a d e s i c c a t o r  o v e r  p h o s p h o r o u s  p e n t o x i d e ,  
t o  a  c o l o u r l e s s  g l a s s  which  e f f e r v e s c e d  i n  a q u eo us  sodium 
b i c a r b o n a t e .
Hydrogen  s u l p h i d e  was b u b b le d  t h r o u g h  a s u s p e n s i o n  o f  t h e  
w h i t e ,  l e a d  s a l t  p r e c i p i t a t e  (0 . 2g . )  i n  a c e t o n e  ( 1 5 m l . )  f o r  
10  m i n u t e s ;  h y d r o g e n  s u l p h i d e  was removed a s  b e f o r e ,  and th e  
m i x t u r e  f i l t e r e d ;  s o l v e n t  was  removed f ro m  t h e  f i l t r a t e  by 
d i s t i l l a t i o n  l e a v i n g  a Y/hite s o l i d  r e s i d u e  ( 0 . 0 5 g . ) ,  m .p .  1 6 5 -  
1 7 0 ° ;  mixed w i t h  ( - f ) - t a r t a r i c  a c i d  ( 1 : 1 ) ,  m .p .  1 3 7 -1 6 3 ° .
4 . -  (b) '  A m i x t u r e  o f  d i e t h y l  2 , 3 - e t h y l e n e d i o x y - l , 4 - d i o x a n - 5 , 6 -  
d i c a r b o x y l a t e  ( 2 9 g . ,  0 . 1  m o le )  and a s o l u t i o n  o f  sodium h y d r o x i d e  
(8 g . , 0 . 2  m o le )  i n  Y/ater ( 9 1 m l . )  and e t h a n o l  ( 5 m l . )  was b o i l e d  
u n d e r  r e f l u x  f o r  4g- h o u r s  to  g i v e  a c l e a r  s o l u t i o n  which  was 
t h e n  sh a k en  w i t h  w a t e r  (100m l . )  and e t h e r  (2*15 0 m l . ); s o l v e n t
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was removed, f rom  t h e  dr ied .  (NagSOq) e t h e r e a l  e x t r a c t  by | j
d i s t i l l a t i o n ,  l e a v i n g  no r e s i d u e *  f|
Complete  p r e c i p i t a t i o n  o f  t h e  w h i t e ,  l e a d  s a l t  was e f f e c t e d  jj
by t i t r a t i n g  a q ueou s  l e a d  n i t r a t e  ( 3 4 . 5g.  o f  n i t r a t e  i n  140ml.  ;|
o f  w a t e r ;  r e q u i r e d  f o r  t h e  p r e c i p i t a t i o n  o f  CgHgOgPb, 0 . 1  m o le ,  if
3 2 * l g . . o f  n i t r a t e )  i n t o  t h e  a q u e o u s  s o l u t i o n ;  t h e  p r e c i p i t a t e  
( 2 8 . 9 g . )  was washed w i t h  c o ld  w a t e r  (100m l . ) ,  t h e n  e t h a n o l
( 5 0 m l . ) ,  and d r i e d  i n  a i r .  H ydrogen  s u l p h i d e  was b u b b le d  th r o u g h  j
a s u s p e n s i o n  o f  t h i s  i n  a c e t o n e  (75ml.  ) f o r  25 m i n u t e s  a f t e r  
w h ich  t h e  e x c e s s  o f  h y d r o g e n  s u l p h i d e  was removed a s  i n  t h e  
p r e v i o u s  e x p e r i m e n t  ( 4 a ) ;  s o l v e n t  was removed f ro m  t h e  f i l t r a t e  |
f rom  t h e  s u s p e n s i o n  by d i s t i l l a t i o n  l e a v i n g  a p a l e  y e l l o w
v i s c o u s  gum (1 0 . 5 g . )  w h ich  showed s i g n s  o f  c r y s t a l l i n i t y ; t h i s  
was sh a k e n  w i t h  b o i l i n g  b en zen e  ( 20m l.  ),  and a f t e r  f i l t r a t i o n  
t h e  r e s i d u e ,  t a c k y  p a l e  y e l l o w  c r y s t a l s  ( 1 0 , 4 g . ) ,  m .p .  150° 
{de co m p .) ,  ?/as found  t o  be  s o l u b l e  i n  c o l d  w a t e r ,  a c e t o n e ,  
e t h a n o l ,  and m e t h a n o l ,  and s o l u b l e ,  w i t h o u t  r e c r y s t a l l i s a t i o n  
i n  t h e  c o l d ,  i n  h o t  t e t r a h y d r o f u r f u r a l ,  n - p r o p y l  a l c o h o l ,  
e t h y l e n e  g l y c o l  m o n o e th y l  e t h e r ,  n - b u t y l  a l c o h o l ,  i s o - p r o p y l  
a l c o h o l ,  and c y c l o h e x a n o n e ; i t  was i n s o l u b l e  i n  h o t  b e n z e n e ,  
e t h e r ,  e t h y l  a c e t a t e ,  c h lo r o f o r m ,  d i o x a n ,  l i g h t  p e t r o l e u m  
( b . p .  1 2 0 - 1 0 0 ° ,  6 0 - 8 0 ° ,  4 0 - 6 0 ° ) ,  t e t r a l i n ,  t e t r a h y d r o p y r a n , 
t e t r a c h l o r o e t h a n e ,  b e n z y l  a c e t o n e ,  m e t h y l  e t h y l  k e t o n e ,  m e t h y l  
amyl k e t o n e ,  and m e t h y l  n - p r o p y l  k e t o n e ;  i n  aqueous  e t h a n o l  
and s u l p h u r i c  a c i d  (3N) i t  d i s s o l v e d  to  g i v e  a c l e a r  s o l u t i o n ;  
i n  a q u e o u s  sodium b i c a r b o n a t e  i t  e f f e r v e s c e d ;  i t  had  a  s m a l l
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n e g a t i v e  o p t i c a l  r o t a t o r y  power i n  e t h a n o l ;  t h e r e  was no 
s u b l i m a t e  when i t  was h e a t e d  a t  1 1 0 ° /  0 . 1  mm,, b u t  t h e  r e s i d u e  
became c o l o u r l e s s .  A p o r t i o n  ( 0 . 5 g . )  was d i s s o l v e d  i n  w a t e r  
and t h i s  s o l u t i o n  upon e v a p o r a t i o n  on a s t e a m - b a t h  l e f t  w h i t e  j
I
c r y s t a l s ,  m .p .  1 6 6 - 1 7 2 ° (decomp. ) ;  mixed w i t h  ( + ) - t a r t a r i c  a c i d  j  
( 1 : 1 ) ,  m . p . 1 4 4 - 1 6 9 ° .
The e q u i v a l e n t  w e i g h t  o f  t h e  a c i d  p r o d u c t ,  m .p .  150° 
(d e c o m p . ) ,  by th e  t i t r a t i o n  o f  s t a n d a r d  sodium h y d r o x id e  
a g a i n s t  i t  was fo u nd  to  be 1 2 4 . 9 ,  1 2 4 .8 .  CqH^qOq r e q u i r e s  1 1 7 . 5 .
4 . -  ( c )  The h y d r o l y s i s  was r e p e a t e d  u s i n g  t h e  same e x p e r i m e n t a l ;  
c o n d i t i o n s  as  4 ( b ) ,  and t h e  w h i t e ,  l e a d  s a l t  ( 3 1 . 3 g . )  o b t a i n e d .
A p o r t i o n  o f  t h e  l e a d  s a l t  ( 2 0 g . )  was su sp en d e d  i n  a c e to n e  ; 
( 3 5 m l . ) ,  and h y d ro g e n  s u l p h i d e  was b u b b le d  t h r o u g h  t h i s  f o r  
30 m i n u t e s ;  e x c e s s  h y d ro g e n  s u l p h i d e  was removed a s  b e f o r e ;  j
t h e  s u s p e n s i o n  was f i l t e r e d  and s o l v e n t  removed f rom  t h e  
f i l t r a t e  by d i s t i l l a t i o n  a t  s l i g h t l y  d i m i n i s h e d  p r e s s u r e ,  j
l e a v i n g  a c o l o u r l e s s  gum ( 3 . 7 g . ) ;  a f u r t h e r  amount o f  s o l v e n t  | 
was removed a t  d i m i n i s h e d  p r e s s u r e  ( w a te r - p u m p ), and t h e  
p a r t l y  c r y s t a l l i n e  gum was sh a k e n  i n  b o i l i n g  benze n e  (10m l . )  
f o r  10 m i n u t e s  t o  g i v e  a  w h i t e  c r y s t a l l i n e  r e s i d u e  ( 3 . 6 g . ) ,  
m .p .  1 5 2 . 5 ° ( d e c o m p . ) .
A p o r t i o n  o f  t h e  l e a d  s a l t  ( 1 1 . 3 g . ) was sh ak en  i n  an 
a tm o s p h e r e  o f  h y d ro g e n  s u l p h i d e  f o r  30 m i n u t e s ;  e x c e s s  h y d ro g e n  ■ 
s u l p h i d e  was removed as  b e f o r e ,  and  t h e  b l a c k  r e s i d u e  was 
sh a k en  w i t h  a c e to n e  ( 3 0 m l . ) ,  and f i l t e r e d ;  s o l v e n t  was removed 
by  d i s t i l l a t i o n  f ro m  th e  f i l t r a t e ,  l e a v i n g  a p a l e  y e l l o w  gum
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( 2 . 5 g . ) ;  f u r t h e r  s o l v e n t  was removed a t  d i m i n i s h e d  p r e s s u r e  
( w a te r - p u m p ), and th e  gum was sh aken  w i t h  b o i l i n g  b e n z e n e ,  and 
f i l t e r e d ;  t h e  r e s i d u e  ( 2 . 3 5 g . ) ,  m .p .  159° (decomp. ) was p a l e  
y e l l o w  c r y s t a l s .  I t  was h e a t e d  on a s t e a m - b a t h  i n  an aqueous  
s o l u t i o n  w i t h  B r a d y ’ s r e a g e n t ,  an  o ra n g e  p r e c i p i t a t e  a p p e a r i n g  
a f t e r  10 m i n u t e s .
T h is  p r o d u c t i o n  o f  t h e  a c i d i c  compound, m .p .  1 5 2 . 5 ° ( d e c o m p . ) 
was r e p e a t e d  t o  o b t a i n  l a r g e r  q u a n t i t i e s .
5 .  A t t e m p te d  d e c a r b o x y l a t i o n  o f  t h e  a c i d i c  p r o d u c t  f rom  
exp e r i m e n t  4-.-  ( a )  The a c i d i c  "product ( 0 . 9 g . ) ,  m .p .  159° 
(d e c o m p . ) ,  was h e a t e d  a t  150° f o r  15 m i n u t e s  d u r i n g  which  a 
g a s  was e v o l v e d ;  t h e  c o l o u r l e s s  g l a s s - l i k e  r e s i d u e  d i s s o l v e d ,  
w i t h  e f f e r v e s c e n c e ,  i n  a q u eo u s  sodium b i c a r b o n a t e .
5 . -  (b )  The a c i d i c  p r o d u c t  ( 0 . 5 g . ) ,  m .p .  1 5 2 . 5 ° (decomp. ) ,  was 
i n t i m a t e l y  mixed w i t h  c o p p e r - b r o n z e  ( 0 . 7 g . ) ,  and t h e  m i x t u r e  
was h e a t e d  i n  s t a g e s  up to  155°  u n d e r  d i m i n i s h e d  p r e s s u r e  
(14 mm.) d u r i n g  w h ich  t im e  no s u b l i m a t i o n  o c c u r r e d .  The r e s i d u e  
was sh a k en  w i t h  c h l o r o f o r m  (10m l , ) ;  s o l v e n t  was removed,  a f t e r  
f i l t r a t i o n ,  by d i s t i l l a t i o n ,  l e a v i n g  a  n e g l i g i b l e  r e s i d u e .
5 . -  ( c )  The a c i d i c  p r o d u c t  ( 0 . 9 g . ) ,  m .p .  1 5 9 ° (decomp. ) ,  was 
mixed w i t h  c o p p e r - b r o n z e  ( 0 . 9 g . )  and  h e a t e d  t o  155° i n  q u i n o l i n e  
( 2 0 m l . ) ,  w i t h  s t i r r i n g ,  f o r  25 m i n u t e s ;  t h e r e  was no s u b l i m a t e .
5 . - . ( d )  The a c i d i c  p r o d u c t  ( 0 . 9 5 g . ) ,  m .p .  1 5 2 . 5 ° (decomp. ) ,  was 
i n t i m a t e l y  m ixed  w i t h  s o d a l im e  ( 4 g . )  and h e a t e d ;  a t  c a .  300° 
a  c l e a r  l i q u i d  d i s t i l l e d ,  f o l l o w e d  on f u r t h e r  h e a t i n g  by  a 
brown o i l  w h ich  was i m m i s c i b l e  w i t h  th e  f i r s t  d i s t i l l a t e .
-1 3 6 -
The m i x t u r e  o f  d i s t i l l a t e s  was sha k en  w i t h  c h l o r o f o r m  ( 2 0 m l . )  
and w a t e r  ( 20m l,  ) ;  t h e  c h lo r o f o r m  l a y e r  ( l o w e r )  if a s  d r i e d  
(NagSO^), and s o l v e n t  was removed f rom  t h i s  by d i s t i l l a t i o n ,  
l e a v i n g  a b l a c k  v i s c o u s  o i l  ( O . l g . ) .
5 . -  ( e )  The a c i d i c  p r o d u c t  ( O . l g . ) ,  m .p .  1 5 9 ° (decomp. ) ,  was 
mixed w i t h  b l a c k  co p p e r  o x id e  (3g .  ) and h e a t e d  i n  b o i l i n g  
2 - x y l e n e  ( 5 m l . )  f o r  3 h o u r s ;  2~x y l ene  was removed f ro m  t h e  
f i l t r a t e  by d i s t i l l a t i o n  a t  a t m o s p h e r i c  p r e s s u r e ,  l e a v i n g  a 
s m a l l  l i q u i d  r e s i d u e  f rom  w h ich ,  on c o o l i n g ,  no s o l i d  s e p a r a t e d .  
C o p p e r -b r o n z e  ( l g . )  was added t o  t h e  c o p p e r  o x id e  r e s i d u e  and 
t h e  m i x t u r e  was h e a t e d  i n  b o i l i n g  2~xy l ene ( 3 m l . )  f o r  3 h o u r s ;  
t h e  m i x t u r e  was f i l t e r e d  and 2 - x y l e n e  was removed f rom  t h e  
f i l t r a t e  by d i s t i l l a t i o n  a t  a t m o s p h e r i c  p r e s s u r e  u n t i l  a  l i q u i d  
r e s i d u e  ( 0 . 5 m l . )  was l e f t ,  f rom  w hich  no s o l i d  s e p a r a t e d  on 
c o o l i n g .
5 . -  ( f )  The a c i d i c  p r o d u c t  ( O . l g . ) ,  m .p .  1 5 9 ° ( d e c o m p . ) ,  was 
m ixed  w i t h  c o p p e r - b r o n z e  ( l g .  ) and h e a t e d  i n  b o i l i n g  m e s i t y l e n e  
( 5m l.  ) f o r  1 h o u r ;  t h e  m i x t u r e  was  f i l t e r e d  and some o f  th e  
m e s i t y l e n e  was removed by d i s t i l l a t i o n  a t  a t m o s p h e r i c  p r e s s u r e  
u n t i l  t h e r e  r e m a in e d  a l i q u i d  r e s i d u e  (1m l . ) ,  f rom  which  no 
s o l i d  d e p o s i t e d  on c o o l i n g .
5 . -  (g )  The p r e v i o u s  p r o c e e d u r e  ( f )  was r e p e a t e d ,  s u b s t i t u t i n g  
d e c a l i n  f o r  m e s i t y l e n e ;  no s o l i d  was d e p o s i t e d  on c o o l i n g .
5 . -  (h )  The a c i d i c  p r o d u c t  ( O . l g . ) ,  m .p .  1 5 9 ° (decomp. ) ,  h e a t e d  
i n  b o i l i n g  d e c a l i n  ( 2m l . ) ,  became a b l a c k  amorphous s o l i d .
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6 e The S- b e n z y l t h i o u r onium s a l t  o f  t h e  a c i d i c  p r o d u c t ,  m .p .
1 5 9 ° ( d e c o m p . ) . -  An aqueo u s  s o l u t i o n  o f  t h e  a c i d i c  p r o d u c t ,  
m .p .  159° (decomp. ) ,  ( 6g .  i n  5 0 m l . )  v/as made j u s t  a l k a l i n e  
( t o  m e t h y l  r e d )  w i t h  a q u e o u s  sodium h y d r o x i d e  ( 2N ),  and t h e n  
j u s t  a c i d  w i t h  t h r e e  d r o p s  o f  h y d r o c h l o r i c  a c i d  (3N) .  T h i s  
s o l u t i o n  was added to  an aqueous  s o l u t i o n  o f  S - b e n z y l t h i o u r o n i u m  ! 
c h l o r i d e  ( 1 0 g . ,  0 . 0 5  mole  i n  5 0 m l . ) ,  and a l lo w e d  to  s t a n d  
o v e r n i g h t .  The m i x t u r e  was c o o le d  i n  a  b a t h  o f  i c e  f o r  30 
m i n u t e s ,  d u r i n g  w hich  c o l o u r l e s s  p l a t e s  ( 5 . 6 g . )  o f  an  
S - b e n z y l t h i o u r o n i u m  s a l t , m .p .  1 6 2 - 1 6 4 ° (decomp. ) ,  s e p a r a t e d ;  
t h e s e  were  r e c r y s t a l l i s e d  f o u r  t im e s  f ro m  e t h a n o l ,  when t h e  
m .p .  was r a i s e d  t o  1 6 6 . 5 - 1 6 7 . 5 ° (decomp. ) .  (Found; C, 5 1 .3 0 ;
i
Ll, 5 . 1 6 ;  N, 9 .4 5 ;  S,  1 0 . 7 3 .  C a l c u l a t e d  f o r  Cg^H^QOgSgN^.: C, !
5 1 . 0 3 ;  E ,  5 . 3 4 ;  N, 9 . 8 9 ;  S,  1 1 . 3 2 # , )
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E x p e r im e n t  1 .  (p 0 129 „ )
The i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  t h e  compound, m .p .  9 3 -  
9 3 , 5 ° , ( 0 . 0 3 9 5 g . ) i n  c a rb o n  d i s u l p h i d e ( 20ml. ) .
P a t h  l e n g t h  o f  t h e  c e l l :  2mm.
R e c o r d i n g  t im e :  33 m i n u t e s .
% a b s o r p t i o n
1780 cm
- 11754 cm
1377 cm 
1345 cm'
- 11278 cm
1149 cm
— " 1 0  9 4 cm7
1042 cmT1 
1021 cmT^
927 cm
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S x p e r ime n t  5 . (p . 1 2 9 . )
The i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  o f  t h e  compound m .p .  £43 
£ 4 3 .5 °  i n  a T-N u jo l r m u l l .
R e c o r d in g  t im e :  15 m i n u t e s .
2941 cm'
2861 cm
1738 cm
- 11649 cm.
1456
1376
1329
1283
1259
1222
1175
1129
1096
- 1cm..
„  -1  cm.
cmT?
cm.
cm. 
- 1cmT-1-cnic
cmT?*
cmT
974 cm. 1
867 cmT1 
849 cmT1
